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Executive Sununary

The St. Lawrence River ecosystem is a multi-use natural resource area. It is
~-currently used for drinking water, f ish and wildlife production, water

sujpply, and even for waste disposal. Simply stated, same uses conflict with
other uses.

In order to protect/enhance the natural resources and to understand the cost of
the impacts of noncompatible uses, the ecology of the ecosystem needs to be
understood. Sneteacquisition of new biological information is costly, it
is prudent to build on that which was collected in the past. This report

K presents a compilation of published and unpublished natural resource
information concerning the International section of the St. Lawrence River. it
includes anextensive bibliography, cross-referenced toindividual species and
their habitat requirements.

In addition to searching out the literature, we used aerial photo
interpretation to identify major habitat changes. Photos from 1941,
supplemented by 1955 photos, were used to identify "pre-Seaway" habitats.
Irmzediate "post-Seaway" habitats were mapped from 1959/1962 photos. Photos
from 1979 were used to show "present" habitats. These data were used in

1k conjunction with abundance information on various fish and wildlife index
species to discuss the present ecological setting and to attempt to relate
changes in abundance to causes.

Index species were chosen based on such factors as habitat requirements and
vulnerability to habitat changes, importance to man, and available information.
Twelve fish species, eight birds, four mammals, six amphibians, and six

* reptiles were chosen as index species.

*Based on the available information, we found tha-t histo~rically abundant fish
* species, such as lake sturgeon, northern pike, and walleye had declined in

abundance by the 1940's. Probable causes for the decrease would be destruction
of spawning habitat in the various tributaries due to dam construction,

* overharvest, and pollution.

The construction of the hydropower complex and navigation system in the late
1950's caused major habitat changes. The damming of the River resulted in the
flooding of uplands, islands, shoals, and shallow nearshore areas, resulting in
an increase of water-covered areas. For example, "deep water" areas (over 18

* feet deep), increased by more than 7,000 acres. Dredging for water flow
*control for hydropower production and adequate navigation depth destroyed same
* shoals; however, the flooding created more shoals, for a net gain of

approximately 350 acres (38~ percent increase). Most of this new shoal acreage
was formerly island upland. Habitats which were lost and not replaced include
"riffle" areas and mainland deep littoral zone (6 to 18 feet deep). The latter 7

* decreased by over 700 acres (9 percent decrease). 1These areas were replaced by
deep water.

Current abundance of some major fish and wildlife species is not as great as
would be expected from the quantity of available habitat. Limiting factors

C have not been documented but probably include lost fish spawning areas due to



rif fle flooding and the chemical loading of some areas of the River by
industries (a secondary impact of the hydropower development).

Specific cause and effect relationships between habitat changes and the
abundance of index species were not readily apparent. This was due to the
scarcity of historic biological information an the St. Lawrence River.

* Studies needed to better understand the system and to measure the impact of
*changes are outlined in this report. Areas of special attention are

hydraulics, contaminants, and life history requirements of fish and wildlife
index species.

-7:i



"the search for truth is in one way hard and in another easy. F'or it
is evident that no one can master it fully or miss it wholly. But
each adds a little to our knowledge about Nature, and from all the
facts assembled there arises a certain grandeur."

Aristotle, 384-322 B.C.

ift



Preface

The importance of the St. Lawrence River to the North American continent is
being recognized. As the navigational entrance/outlet to the Great Lakes, the
St. Lawrence River is of international importance. As a source of hydropower
and recreation, its impact is very great in eastern Canada and the United
States. Its importance on a one-to-one busis is probably greatest to the local
resident who endnys the benefits of living near the great river.

The present and potential use of the resources of the St. Lawrence River can
result in conflicts between user groups. Conflict resolution and resource
decision making will be on firmer ground if detailed environmental knowledge is
available. The needed knowledge includes basic information as to how the
system works -And policy positions such as fish, wildlife and habitat management
plans by the respective agencies.

The ultimdte goal is to use the historic knowledge concerning this area, and
build on it in an organized, systematic fashion towards ecosystem management
and impact evaluations. ,ujh progruss would make the St. Lawrence River an
exception to Handler's (1970) comment "...in most of the world, environmental
biology has not yet passed the stage of inventory und survey, and is far from
ready to grapple with the galloping degradation of the human habitat."

Wolf-Dieter N. Busch

* 1Handler, P., ed. 1970. Biology and the future of man. Oxford Univ. Press,
New York. 936 p.

iv
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This report describes, based cxn available information, the fish and wildlife
habitats and communities of the U.S. side of the St. Lawrence River, both past
and present. The goal was to provide a comprehensive reference which presents
the accumulated knowledge concerning fish and wildlife of the area. The
presentation includes trend analysis through evaluations of changes in habitat
and, when data were available, in the abundance of key species. Particular
attention was given to index species selected from those with available life]
history data. These species were used to discuss changes in habitat
suitability (availability) and to describe the current condition. Major
information gaps which need to be addressed in order to understand how the
system works and to evaluate the impacts of new environmental changes are
identified. This information should also be of use to management agencies to '

optimize fish and wildlife resource management. <
Geological origin and Evolution of the River

The present shoreline and upland topography of the St. Lawrence River region is1
the product of many geological processes, including glaciation, marine
inundations, uplift, erosion, deposition, and weathering; some of these

processes aestill ongoing. Two primary geological phases are responsible forA
the St. Lawrence-Eastern Ontario topography. The first, a pre-glacial period,
occurred from one billion to four hundred million years ago. During thisJ
period the sediments, from which all the major bedrock formations were formed,
were deposited. The second phase consisted of the final glacial advance and
retreat, which drastically altered the relatively flat landscape by changing T
the course of streams and rivers, scouring bedrock surfaces, and spreading
glacial debris. The melt waters from the retreating glacier flooded areas and
carried mineral debris. The coarse materials were deposited close to where
they were discharged, while the fine materials were held in suspension and
settled out as the velocity of the melt water decreased. The deposition of 1
this glacial till provided the principle parent material for most of the soils
of New York State (St. Lawrence-Eastern Onitario Commission 1977).

Geologically, the St. Lawrence is a relatively young river. As the last ice
0- cap melted 20,000-30,000 years ago, the present Great Lakes were formed.

Retreating ice clogged the melt water flow outlets to the north. Lake
Michigan's outflow was the Mississippi River and water from Lake Erie flowed
southwest down the Maumee Valley. later, after the ice melted to a level below
the lake surface, Lakes Huron and Michigan flowed eastward to the Ottawa River.

Meanwhile, L-ak Iroquois (presently Lake Ontario) drained through the Mohawk
Valley. About 5,000 years ago the topography had altered. All five Great
Lakes began flowing out through the St. Lawrence River. Since the Great Lakes
Basin is still rising, some geologists predict that all of the Great Lakes
except L ak Ontario could, under natural conditions, drain into the Mississippi
River Basin (Menefee 1940; St. Lawrence-Eastern Onitario Commission 1977).



Hydrology

The St. Lawrence River runs almost due northeast, emptying into the Gulf of St.
Lawrence near the 50th parallel. The River is approximately 540 miles long,
arising from Lake Ontario at Tibbett's Point, New York, and emptying into the
Gulf of St. Lawrence at Father Point (Pointe au Pere), Quebec. The
International section of the River is approximately 113 miles long, 28 of which

* is Lake St. Lawrence, formed by the Moses-Saunders and Long Sault Dams and
* extending upriver to the Iroquois Dam (Fig. 1). Eight miles of the River are
* located downriver of the dam, while the remaining 77 miles extend from

Tibbett's Point to Iroquois Dam.

The St. Lawrence River is dependent on the Great Lakes for most of its water.
The surface area of the five lakes totals 95,160 square miles and represents
one-third of the surface supply of freshwater on earth. The precipitation

* catchment area of the Great Lakes Basin is 298,080 square miles, of which 32
percent is lake surface. Approximately 40 percent of the precipitation on the
basin is lost by evaporation, which sometimes exceeds the supply in winter
months (Menefee 1940).

The quantity of water flow in the St. Lawrence River is dependent on three main
* factors: 1) precipitation on the Great Lakes Basin; 2) evaporation from the

land and lake surfaces; and 3) the amount of water released from Lake Ontario
by the control structures in the St. Lawrence River. The average outflow is
approximately 243,000 cfs. The maximum recorded mean monthly flow of 350,000
cfs occurred in both June and July of 1973, and July, 1976, while the minimum
monthly flow of 154,000 cfs was recorded in February, 1936 (Table 1). This 2:1
ratio is the lowest of the major rivers in North America (compared to a range
of 6:1 for the Richelieu River and 53.5:1 for the Tennessee River). The
uniformity of flow results from the Great Lakes acting as large reservoirs.
Also, there are no major tributaries f, - ding into this section of the River
(the longest is less than 125 miles in length). These factors result in less
violenL water level/flow fluctuations and little problem with silt (Menefee
1940; New York State Dept. of Health 1963).

Excluding flow from the Great Lakes, the drainage basin of the International
section of the St. Lawrence River is 120 miles wide and drains 7,230 square
miles, including all of St. Lawrence County, most of Franklin County, and parts

* of Essex, Hamilton, Herkimer, Lewis, and Jefferson Counties. The principal
* tributaries in the United States are the Oswegatchie, Grasse, Raquette, St.

Regis, Salmon, and Chateaugay Rivers. The latter three flow through the
Province of Quebec, Canada, for a distance before entering the St. Lawrence

* (New York State Dept. of Health 1963).

The total fall of the St. Lawrence River averages about 245 feet, one-third of
* which occurs in the International section (Fig. 2). The water elevation at

Lake Ontario averages about 245 feet, and at Iroquois Dam about 241 feet; prior
* to the construction of the dam, the water level at Iroquois averaged
* approximately 229 feet. This dam can be used in an emergency to control the
* outflow from Lake Ontario. The water elevation at the Moses-Saunders Dam,

formerly 159-169 feet, row averages about 240 feet. in addition to the Moses-
Saunders Dam, the Long Sault Dam was constructed near Massena as a flood
control dam. If necessary, this dam is capable of controlling the entire flow

* of the River (NYS Dept. of Env. Cons. 1978; NYS Dept. of Health 1963).
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Table I . Normal nouthly earis (all d, ys) for dischIru es reoor ed at the Cornwall Gauge
on the St. Lawrence Rivur near Massena, New York, from June 1860 through
September 1982. All discharge figures are in thousands of cubic feet per
second (c.f.s.). Data through 1974 were compiled by the National Oceanogr'a--.i.c
and Atnmpheric Administration - National Ocean Survey - Lake Survey Centel>
Detroit; data fran 1975-1982 is fra the U.S. Geological Survey, Albany,
New York.

YEAR JAN FEB MAR APR MAY J4 JUL AUG SEP OCT NOV DEC MEAN

1860 ---.--- -- --- 276 279 276 269 261 267 264 --

1861 234 241 262 279 300 303 304 296 284 286 285 283 280
1862 259 248 262 289 311 305 302 294 282 272 262 260 279
1863 261 257 256 278 294 296 290 280 27L 260 260 258 272
1864 238 246 253 265 287 297 287 278 269 262 264 268 268

1865 259 238 255 280 285 285 279 268 255 246 243 240 261
1866 219 213 227 244 256 267 269 266 260 258 260 270 251
1867 238 254 258 278 295 303 295 283 268 253 248 230 267
1868 221 209 222 244 247 262 260 252 252 239 234 241 240
1869 218 211 205 255 271 275 283 282 279 274 265 252 256

1870 258 259 258 290 314 308 306 290 278 269 260 256 279
1871 241 236 253 265 274 274 270 260 253 244 231 224 252
1872 210 194 198 220 231 238 239 235 230 224 226 209 221
1873 197 197 210 251 270 272 270 264 257 247 242 246 244 -

1874 254 230 274 276 275 281 279 273 259 251 241 233 260

1875 194 173 206 235 247 250 251 247 238 235 230 225 228
1876 229 238 254 282 295 300 302 291 276 273 262 259 272
1877 210 235 243 257 262 262 263 255 245 240 234 236 245
1878 228 233 251 261 270 270 266 267 264 257 254 272 258
1879 246 257 254 264 268 267 264 254 249 237 227 227 251

1880 232 236 243 253 256 261 260 249 244 235 238 227 244
1881 182 195 228 243 247 252 254 247 237 229 231 234 232
1882 243 244 261 267 269 282 282 274 261 248 241 243 260
1883 204 208 224 252 263 279 288 285 272 264 261 261 255
1884 232 244 260 288 296 289 291 283 270 258 252 249 268

1885 240 229 218 232 266 276 278 271 270 262 265 271 256
1886 267 270 272 291 302 297 287 280 273 263 263 256 277
1887 245 252 264 282 292 292 286 272 261 255 243 237 265
1888 224 205 218 248 253 256 255 254 246 237 236 236 239
1889 238 220 231 252 255 265 269 264 251 236 232 241 246

1890 250 254 264 260 280 238 292 277 270 262 263 256 268
1891 240 248 262 278 276 266 263 253 242 229 220 217 250
1892 212 200 201 228 232 244 258 253 251 239 232 230 232
1893 212 193 210 246 272 279 274 259 256 247 235 231 243
1894 229 207 242 249 255 266 261 244 238 233 228 218 239

4................................. ... .... .... ... ... ...
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Table 1I (Continued)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DOC MEAN

21895 207 190 195 223 228 226 219 215 207 200 193 194 208
1896 197 198 196 231 238 236 233 226 214 207 207 202 215
1897 197 191 203 227 237 243 240 240 225 213 209 213 220

1898 211 215 228 242 247 248 243 235 226 219 220 221 230ii*1899 215 210 221 238 245 249 244 233 222 213 210 212 226-
1900 208 209 215 239 245 246 244 237 230 221 216 222 228
1901 214 209 206 234 244 248 242 235 229 223 211 215 226

1902 210 189 222 238 240 243 248 250 243 235 230 224 231
193 20 20 240 258 260 258 260 25 250 239 227 220 242

1904 203 206 220 256 270 277 278 273 264 255 243 221 247 -

1905 209 218 212 238 242 249 259 257 254 247 241 235 238
1906 242 234 232 241 244 246 250 243 234 231 229 227 238
1907 223 230 235 255 261 262 263 258 249 247 245 244 248
1908 232 231 248 278 292 294 288 279 262 247 238 227 260
1909 215 208 224 241 261 266 264 256 244 236 225 222 238

1910 209 200 228 237 248 249 246 241 231 226 220 214 229
1911 204 200 206 224 232 232 231 223 215 211 212 212 217
1912 202 191 198 236 255 268 259 252 247 243 241 243 236
1913 247 243 249 273 280 280 275 265 252 244 242 238 257

57 1914 226 215 218 253 257 257 252 245 241 229 226 215 236

1915 213 203 222 222 221 220 221 227 229 224 219 212 219
1916 218 216 214 245 262 275 277 266 252 239 230 223 243
1917 215 224 221 242 245 257 268 266 257 253 251 246 245
1918 230 223 241 258 260 259 257 248 243 237 239 234 244
1919 239 235 238 251 267 277 275 266 255 245 240 233 252

1920 212 204 209 229 229 229 232 229 226 223 219 226 222
1921 227 221 235 245 251 250 245 236 226 219 210 215 232

*1922 208 198 213 240 248 252 257 248 237 229 219 208 230
1923 200 196 196 221 229 236 231 225 216 208 204 207 214
1924 210 202 208 224 240 243 242 238 230 226 218 208 224

1925 183 188 215 227 230 226 222 216 208 204 206 210 211
1926 195 180 187 214 225 224 222 217 214 218 227 227 212
1927 211 200 221 236 237 242 239 234 224 217 216 233 226
1928 236 231 231 247 249 250 254 251 242 234 231 235 241
1929 231 229 239 262 286 287 285 279 267 255 252 238 259

1930 249 252 269 278 279 281 279 266 255 242 231 222 259
1931 214 205 205 216 219 224 221 213 207 201 197 194 210
1932 204 216 219 233 240 237 235 229 216 208 204 203 220
1933 204 198 197 212 222 224 217 208 202 193 184 179 203
1934 169 173 183 203 206 202 195 187 180 175 170 170 184

5



Table 1.(Ontinued)

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT N)V DEC MFN_

1935 166 168 177 187 194 199 202 197 188 183 176 175 184
1936 169 154 180 218 223 218 211 200 195 193 193 186 195
1937 198 207 210 217 233 236 237 231 223 214 214 210 219
1938 196 201 208 233 235 233 229 229 220 215 211 206 218
1939 197 183 196 230 239 237 234 230 218 212 202 198 215

1940 188 184 185 210 226 234 234 228 221 213 210 211 212
1941 215 202 202 228 226 221 216 210 205 199 199 194 210
1942 193 188 204 225 232 237 236 232 226 221 221 222 220
1943 209 220 226 257 274 292 287 282 271 256 256 250 257

rw1944 235 227 229 242 256 259 260 252 243 234 222 222 240

1945 195 207 232 256 267 273 271 267 259 268 263 265 252
1946 260 239 256 263 258 260 256 250 241 236 237 232 249
1947 227 232 233 257 271 294 296 289 279 265 255 250 262
1948 224 220 240 274 282 284 278 269 255 244 241 234 254

01949 233 237 247 254 255 249 241 230 223 216 208 208 233

1950 220 225 231 259 262 263 257 249 240 235 234 240 243
1951 243 230 262 284 294 292 292 278 269 257 252 253 267
1952 258 265 276 294 302 305 297 284 274 264 251 254 277
1953 254 257 259 272 279 283 276 266 259 245 237 239 260__
1954 228 232 254 267 282 279 271 261 254 253 254 256 258 _

1955 260 246 267 289 294 287 276 265 256 254 258 249 267
*1956 238 234 238 257 276 282 274 265 260 247 240 236 254
*1957 230 229 234 241 245 247 248 242 234 224 218 214 234

1958 219 212 213 230 229 230* 227 223 219 215 207 209 219
1959 178 190 203 247 263 263 252 231 219 209 210 214 223

*1960 213 217 227 247 269** 290 275 262 234 204 207 210 238
*1961 211 213 209 219 250 279 267 253 247 231 216 214 234

1962 211 209 204 191 197 213 214 217 216 211 208 211 208
1963 210 208 197 190 188 206 214 217 212 212 205 210 206
1964 211 206 193 1L79 184 196 201 207 207 205 200 193 198

1965 183 182 180 184 176 189 201 206 203 203 210 227 195
*1966 222 222 234 234 212 212 219 220 221 216 212 217 220
*1967 219 228 215 212 219 218 226 233 232 249 277 281 234
*1968 241 249 237 262 246 237 253 262 270 262 254 252 252

1969 235 252 255 264 276 291 297 295 277 255 248 243 266

1970 228 235 235 236 249 249 256 265 258 263 265 259 250
1971 236 248 263 271 285 272 261 259 263 259 247 235 258
1972 222 231 254 273 291 300 310 310 310 302 293 270 280
1973 252 279 299 325 337 350 350 323 317 317 294 266 309
1974 240 265 302 310 308 327 336 330 314 303 277 281 299 -

6



Table 1. (Continued)

YAR JAN FEB MAR APR MAY JW1 JUL AUG SEP OCT WV D MMN

1975 256 250 289 301 306 308 290 283 281 302 297 239 284
, 1976 247 261 290 306 329 348 350 326 309 302 297 239 300

1977 222 215 247 276 280 263 250 260 277 300 296 257 262 .1
1978 250 285 299 293 315 308 290 278 274 263 249 225 277
1979 221 248 270 284 290 296 279 275 283 292 288 289 276

1980 254 253 253 278 296 291 288 294 301 287 280 252 277
1981 236 240 265 260 248 253 263 279 296 299 297 300 270
1982 240 251 255 274 288 290 291 278 272 265 266 270 270
1983 232 245 268 275 281 298 282 276 -------..

* Power pool at Moses-Saunders Dam formed by flooding St. Lawrence River.

• * Lake Ontario outflow regulated fraon this date forward in accordance with a

regulation plan.

Figures in boldface type are the maximimm and minimum for each month.

Note: Between July 1958(*) and April 1960(**), "pre-project" releases were
made from the project.

7
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p Figure 2. Profile of the St. Lawrence River through the dams and powerhouse to
Lake St.. Francis.
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Following the formation of the n t at the Moses-Saunders Dam in July,
1958, the International section of the relatively fast and free flowing St.
Lawrence River was changed into three limnologically distinct sections.

The first section, the Thousand Islands, consists of large islands and
expansive bays, with numerous small islands and shoals. This section of the
River was not changed much. It is mostly influenced by Lake Ontario and
behaves essentially like an extension of the Lake with large open and slowly-
flowing expanses of water.

The middle section, which extends from Chippewa Point to Iroquois Lock, is
narrow with few islands and shoals. The transition from channel to upland is
abrupt. The reach from Brockville to Ogdensburg is uninterrupted by dry land,
while the reach from Ogdensburg to Cardinal includes several large islands
which occur in the channel (Fig. 1). In this area, the middle section of the
River narrows over a shallow bottom, culminating in the Red Mills Rapids.
Water flow used to be rapid, dropping approximately 15 feet in the last 15
miles. The Iroquois Dam has decreased this drop to 1 foot.

The lower section of the River, now known as Lake St. Lawrence, is highly

modified and contains several large islands and extensive shoals, many of which
were formerly islands that are now flooded. This section of the River was
fast-flowing water. It is now a reservoir which serves as the power pool for
the Moses-Saunders Hydroelectric Project (NYS Dept. of Env. Cons. 1978).

Co7 Navigational History

The River has been navigated by canoe and small boats for many years. The
first locks were built in 1783 between Lake St. Francis and Lake St. Louis in
the Province of Quebec, Canada. In 1825 the LaChine Canal and locks were
built, making the River navigable from Montreal to Cornwall. In 1843, the
rapids west of Cornwall were passed by locks, and by 1845 the Beauharnois Canal
was completed. In 1847, the Farrans Point, Rapide Plat, and Galope Canals were
completed with a 9-foot draft, allowing barges, boats, and canoes to reach Lake
Ontario. These latter three canals, all located in Canada, are now known
collectively as the Williamsburg Canals. By 1875, the canals and locks had
been enlarged to accommodate 14-foot draft vessels. In the meantime, the
Welland Canals were being constructed, linking Lakes Erie and Ontario and
bypassing Niagara Falls. The first canal, which was 8 feet deep, was completed
in 1829. Later canals were completed in 1841 (9 feet deep), 1887 (14 feet
deep), and 1932 (23.5-foot draft). By 1940, twenty-foot draft boats could
travel from Duluth, Minnesota to the Gulf of St. Lawrence, except for a 184-
mile stretch from Lake Ontario to Montreal (Menefee 1940).

History of Seaway Construction

Cooperative, international resource management started with the signing of the
Boundary Waters Treaty in 1909 by the United States and Canada. This treaty,
which provided principles, rules, and procedures for dealing with boundary

. .. water problems and uses, has been the cornerstone of resource development in
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boundary waters and also created the International Joint Commission (IJC).
Under this treaty, no uses, obstructions, or diversions by one country which
would affect natural levels and flows in the other country and which were not
permitted prior to the treaty, would be permitted without approval of tie IJC.
In 1920 the IJC began studying the feasibility of a navigation and power
project on the St. Lawrence River. In 1921, they reported favorably on a
proposal for a 25-foot deep waterway (with provisions for a 30-foot depth) and
a single-stage power development at the foot of Barnhart Island (Bryce 1982).

In 1924, the Joint Engineering Board was formed to study the proposals and came
out with two alternatives -- one favored by the United States and the other
favored by Canada. The United States favored a 25-foot deep channel and a one-
stage power development at Barnhart Island with a control dam at the head of
Galop Rapids. The Canadians favored a 30-foot deep channel and d two-stage
power development -- one at Barnhart Island and one at Ogden Island (Bryce
1982).

In 1929, Canada dpproved a 16-mile canal between Lake St. Francis and Lake St.
Louis to provide water power for the Beauharnois Light, Heat and Power Company.
At the downstream end of the canal the Beauharnois Power Station was
constructed. An initial diversion of 40,000 cfs was permitted, with provisions
to gradually increase the canal size until essentially the entire river flow
could eventually be diverted through the canal. Combined with two locks which
were constructed at the downstream end of the canal, this canal allowed deep
draft navigation. An additional 53,000 cfs diversion was authorized in 1932,
and 30,000 cfs more was added in 1942 to provide the power needed during World
War 1I. The operation of the Beauharnois powerdam under the existing -__
authorizations had the effect of raising (compared to natural levels) the
minimum and low levels in Lake St. Francis and upriver, including the site of
the future St. Lawrence River Power Project (Bryce 1982).

A 1941 agreement by the United States and Canada called for completion of power
and navigation works in the International section of the River by 1948. This
was never ratified by the U.S. Congress. In 1942, the final report of the U.S.
Army Corps of Engineers recommended a plan very similar to what was eventually
built. This plan included a powerhouse at the foot of Barnhart Island, Long
Sault Dam, a control dam near Iroquois, channel enlargements in the Galop
Rapids to reduce velocities for navigation, and in other areas to reduce
velocities and allow ice-packing to occur, a navigation channel in the South
Galop channel (later modified to pass through Galop Island), and three locks,
two at Barnhart and one at Point Rockaway (on the U.S. side) (Bryce 1982).

A Power Priority Plan, similar to the Corps' report but without navigation
features, was proposed in 1948 but never formally submitted to the IJC. In
1951, the Canadians proposed an All-Canadian Seaway with a joint U.S.-Canadian
power project. This proposal had the result of forcing the U.S. Congress to
act. It was followed in 1952 by the submittal of power development plans to
the IJC by the governments of the United States and Canada. Under these plans,
Canada would construct the necessary works for 27-foot navigation between Lake
Erie and Montreal. This action was followed by a variety of memorandums and
agreements between the two countries (Bryce 1982).

10
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In early 1953, the International St. Lawrence River Board of Control was
established by the IJC to regulate outflows from Lake Ontario in accordance
with a regulation plan that would distribute the benefits of regulation among
the power, navigation, and shoreline interests on Lake Ontario and the St.

* Lawrence River. This action was preceded by record high water levels on Lake
* Ontario in 1952, which resulted in extensive flooding and damages. On November

5, 195j, by executive order, President Eisenhower designated the Power
Authority of the State of New York (PASNY) as the United States' entity for
power development on the St. Lawrence River. The order ensured that the power

I project would proceed. The Canadians were still taking action on an All-
Canadian Seaway, which forced the U.S. Congress to act. On May 13, 1954,
Congress approved the Wiley-Ekxn1ero Act, which provided for U.S. participation
in the Seaway and created the St. Lawrence Seaway Development Corporation
(SLSDC). An agreement between the United States and Canada on August 17, 1954,
called for Canada to construct all the Canadian facilities and a lock at
Iroquois, while the United States would build a canal and locks at Barnhart
Island and conduct dredging operations in the Thousand Islands (Bryce 1982)
(Table 2).

On August 4, 1954, two weeks before the final notes of agreement were formally
exchanged, construction was started simultaneously by the United States and
Canada. On June 30, 1958, navigation was suspended; the dike at the Moses-
Saundlers Dam was closed at 4:00 A.M. on July 1, 1958, and the power pool began
to fill. Seventy-two hours later, at 4:00 A.M. on July 4, 1958, the pool had
reached the approved level of elevation (EL236) and navigation was resumed.
Dredging below the powerhouse was completed in November, 1961. A final
"sweeping" of upstreamn channels by the Department of Transport in 1961 and 1962
ensured the required depths for 27-foot navigation (Bryce 1982) (Fig. 3).

Biological Studies of the River

Relatively few biological studies of the St. Lawrence River have been
conducted. Historical surveys are particularly scarce. Only two relatively
major biological surveys were conducted prior to construction of the Seaway in

* the late 1950's. In 1930, the State of New York Conservation Department
conducted a biological survey of the St. Lawrence River watershed (State of New
York Conservation Dept. 1931). The survey concentrated on the fish and water
chemistry aspects of the watershed. Among the areas of study were fish
stocking policies, fish foods, general fish survey (including relative
abundance), fish parasites, chemical properties of the water, pollution,
aquatic vegetation, and plankton. Another major study was conducted by the

* Academy of Natural Sciences of Philadelphia (1953) for Canadian Industries,
Ltd. This survey included information on benthic organisms, protozoa,
plankton, insects, algae, and fish. This study, however, was limited to a
relatively small segment of the River.

A variety of "small-scale" studies was conducted from 1918-1959. Merwin (1918)
* studied common tern (Sterna hirundo) nesting. Other bird surveys (waterfowl)

were conducted by Hyde (939) and Kutz (1948). Snakes and turtles were studied
in various areas between 1935 and 1941 (Toner 1935, 1936; Toner and de St. Remy

* 0 1941). Werner studied mammals (Werner 1956) and amphibians and reptiles -

(Werner 1959). Fishery studies were conducted by Cuerrier and Roussow (1951)
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I FIGURE 3 -

(Figure 3 is a color photograph located at the back of this report.)
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[lake sturgeon (Acipenser fulvescens)) and by Stone, et al. (1951, 1954)
[smallmouth bass (Micr rus dolomieui)]. Dore and Gillett (1955) conducted a
botanical survey prior to the formation of Lake St. Lawrence. Most of these
studies were limited in scope and were confined to localized areas.

Few studies were conducted in the years following the opening of the Seaway.
Some limited fishery work was conducted. Pearce (1961) reported on the ice
fishery of the St. Lawrence River, while McLeod reported on the fish of Lake
St. Lawrence almost annually from 1961 through 1968 (McLeod ND, 1961, 1963,
1964, 1965, 1966a, 1966b). McLeod's reports also included waterfowl surveys
(also McLeod 1969, 1971), and Belanger reported on Canadian waterfowl hunter
success from 1965 through 1968 (Belanger 1965, 1966, 1967, 1968). Casselman
(1967) studied northern pike (Esox lucius) in the upper St. Lawrence River.

Recent surveys have been more numerous. Four major surveys have been
conducted. The St. Lawrence-Eastern Ontario Commission conducted a coastal
resources inventory in 1972 (Marler 1972; Leaf, Coffey, and Ferrell 1972;
Eschner and Wicker 1972; Webb, Bart, and Komarek 1972; Werner and Ford 1972;
Harper and Dean 1972; Tully, et al. 1972; Geis and Luscomb 1972).

The second, coordinated by the U.S. Fish and Wildlife Service, was undertaken
in 1976 to assess the potential effects of winter navigation (USFWS 1976a,
1976b, 1976c, 1976d, 1976e; Van Druff and Wright 1976; Werner 1976; Ringler
1976; Palm 1976; Mills and Fbrney 1976; Maxwell and Smith 1976; Kurczewski, et
al. 1976; Alexander 1976).

A further study, published by the State University of New York College of -
Environmental Science and Forestry in 1978, studied fish and wildlife resources..
in the Winter Navigation Demonstration Corridor (Institute of Env. Program
Affairs 1978).

In 1979, the U.S. Fish and Wildlife Service conducted a biological survey for
the Additional Locks and Other Navigation improvements Study (USFWS 1979) (see
Tables 66-88 and Figs. 29-40 in Appendix D for site-specific data). This
survey covered the entire International section of the River, but concentrated
in the locks area near Massena.

Many of the same authors contributed to each of these studies, and some
continued work through various other grants and projects. These authors and
their work are sumnarized below:

Subjectl Year 2  Authors3

Fisheries 1966 Jolliff, LeTendre
1970 LeTendre, Schneider
1972 Werner, Ford
1976 Werner, Ringler
1978 Dunning, Evans, Tarby
1979 Dunning, Evans, Tarby,

Panek
1982 Dunning, Hoss, Gladder-

McCullough

14
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Subjectl year 2  Authors 3

Birds 1975 Maxwell
1976 Maxwell, Smith, Ruta,

Carrollan
1978 Maxwell, Smith
1983 Maxwell, Smith,

Kawws

Mamnals 1976 VanDruff, Wright,
Lackey

1978 VanDruff, Lamolino,
Wright

1982 LImolino
1983 Lcmolino

Anphibians and Reptiles 1978 Petokas, Alexander
1979 Petokas, Alexander
1980 Petokas, Alexander
1981 Petokas, Alexander
1982 Petokas, Gawlik

Benthos, Primary Productivity 1976 Mills, Forney .
1977 Mills, Forney
1978 Mills, Smith, Forney

Vegetation, Wetlands 1972 Geis, Luscamb
1976 Geis, Hyduke
1977 Geis, Kee
1978 Geis, Hyduke, Raynal
1979 Geis, Hyduke, Raynal,

Ruta

Islands and Shoals 1978 Geis, Hyduke

1983 Geis, Hyduke

iSee Tables 52, 53, 55, and 57 for specific references for each species present
along the St. Lawrence River.

2Year that report was published (the data were usually collected in the same or
the previous year).

3See Literature Cited for exact references.

A variety of limited studies has been conducted at various times between 1960

and 1983. The following is a brief summarization of these works:

Subject Year Authors

Fisheries 1960 Anonymous
1976 Marean

P. 1977 BLVO

15
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Subject Year Authors

Fisheries (Cont.) 1981 Menz
1982 Goodyear

Birds 1960 Annym
1969 Parker, Maxwell
1975 Woods, Morris
1977 Chaberlaine, BUFO
1978 Chiamberlaine,

Bradstreet, Mc-racken
1979 Chamberlaine, Brown
1980 Longabucco, Brawn
1982 Brownx

Maninals 1960 Annymous
1977 BUF'O

Anlpibians and Reptiles 1973 Woods
1974 Rivard, Smith
1976 Parsons, Smith
1977 BUFO

Anthropods 1975 Anonymous

Vegetation, Wetlands 1969 New York State Dept.
of Envirormental
Conservation

1975 Armstrong-
1976 Marean
1977 BLFO
1983 U.S. Fish and

Wildlife Service

A number of studies are ongoing. Osterburg (SWY-Potsdam) and Ringler (SWNY-
ESF) are conducting independent studies on the muskellunge (Osterburg 1981,
1983; LaPan 1982; Anon. 1983), while Maxwell and Smith (SUNY-oswego) are
censusing birds and studying common tern colonies. The St. Lawrence-Eas tern
Ontario Commission is just completing an oil pollution response model which
describes important habitats along the River.
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Habitat Mapping

Habitats along the United States' portion of the St. Lawrence River were mapped
from aerial photography. A search was conducted to locate available
photography. This was done via computer, word-of-mouth, and by checking
various agencies that produce or use aerial photography. Three time frames
were needed to correspond with the three periods under study. For the
historical, pre-Seaway period, photos prior to 1959 (when the Seaway opened)
were needed. Since actual construction began in 1954, a time frame prior to
1954 was preferred. The most complete set available was from August 1941
(Table 3). Pho~to coverage was available for almost all of Jefferson Couty and
much of St. Lawrence County. A September, 1942, set was also available for
Franklin County. A May, 1955, set was available for St. Lawrence County from
Ogdensburg to the Franklin County line. All three of these sets were black--
anid-white photography. The 1941 and 1942 sets were printed at a scale of
1:20,000. The 1955 set was available ds blow-ups (scale unknown) and at a
scale of 1:15,000 (both sets were used for interpretation). A 1948 set for
Jefferson County was rejected because the quality was not as good as that of
the 1941 set.

For the post-Seaway historical period, photos taken between 1959 and 1965 were
desirable, with 1959 the preferred time period. A complete set of June, 1959,
photos at a scale of 1:20,000 was available for Jefferson County. Photos of
St. Lawrence County and Franklin County from May and June, 1962, were available
at a scale of 1:20,000. All three sets were in black-and-white.

A variety of photo sets was available fo~r the present time-frame. An April,
1979, color set at a scale of 1:.12,000 *das chosen. The 1979 photos were the
best aerial photos available for the St. Lawrence River. Because of the -

clarity of these photos, and to allow production of a map with more complete
habitat descriptions for future use, upland land-use categories were identified
and were broken down into sub-categories for the "~present" time-frame.

After the photos were acquired, habitats were identified and transferred to
mylar overldys. Since most of the photos were available as stereo pairs, a
stereoscope was used to identify habitat types. When this process was
completed, the habitat data were transferred to navigation charts using a zoom

D transfer scope. The charts were at a scale of 1:15,000, while the photos
ranged from less than 1: 12, 000 to 1: 20, 000. Navigation charts (produced by the
National ceanic and Atmospheric Administration) were chosen rather than the
more commonly used U.S. Geoloyical Survey topographic maps for two reasons: 1)
the larger scale, 1:15,000 as opposed to 1:24,000; and 2) the accuracy of the
depth soundings and contour lines. Since some areas of the River were only
mapped at a scale of 1: 30, 000, these maps were blown up to a scale of 1: 15, 000.
A total of 15 charts was needed to cover the International section of the St. 7
Lawrence River.

Following the transfer of habitat data onto the navigation charts, the islands,%7
shoals and littoral areas were identified and labelled on the charts. These

6 areas were added to the maps by tracing the contour lines shown on the charts.
A different color was used to delineate each habitat type. Since the depths

17



Table 3. Available aerial photography for the St. Lawrence River.

Where to

Date Flown Scale Counties Obtain Comments

PRE-SEAWAY
August 1941 1:20,000 Jefferson, St. 1,4 Spotty coverage outside

Lawrence, Franklin of Jefferson Co. (Photos
were taken but not

obtainable)

September 1942 1:20,000 Franklin 5

September 1948 1:20,000 Jefferson 1 Spotty coverage

May 1955 Variable St. Lawrence, 11

Franklin

POST-SEAWAY
May 1959 1:20,000 Jefferson 1 Available at USFWS

(Cortland)

June 1962 1:20,000 St. Lawrence, 2,3 Available at USFWS
Franklin (Cortland)

July 1966 1:20,000 Jefferson 1 --

April 1968 1:24,000 Jefferson, St. 6 LUNR Survey

Lawrence, Franklin

PRESENT
May 1972 1:24,000 Franklin 10

Spring 1972 1:12,000 Jefferson 9

March 1973 1:48,000 Jefferson 9

May 1975 1:24,000 St. Lawrence 8

September 1978 1:38,000 Jefferson 1

September 1978 1:40,000 Franklin 2

April 1979 1:12,000 Jefferson, St. 7 Color; available at
Lawrence, Franklin SLEOC, USFWS (Cortland)

1. ASCS Watertown, NY*

2. ASCS Malone, NY*

3. ASCS Canton, NY*

4. SUNY-ESF Syracuse, NY
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Table 3 . (continued)

5. National Archives Washington, 
DC +

6. Lockwood Mapping Rochester, NY**

7. James Sewall Co. Old Town, ME+ ,

8. Real Property Tax Services Canton, NY

9. Jefferson Co. Tax Mapping Watertown, NY

10. Real Property Tax Office Malone, NY

11. U.S. Army Corps of Engineers Buffalo, NY

*Purchase from: U.S. Dept. of Agriculture

Aerial Photography Field Office, ASCS-USDA
222 West 2300 South
P. 0. Box 30010
Salt Lake City, Utah 84130
801-524-5856 (Commercial) 588-5856 (FTS)

+Purchase from: Cartographic Branch
National Archives
Washington, DC 20408

**Purchase from: Lockwood Mapping

P. 0. Box 9790
580 Jefferson Rd.
Rochester, NY 14623
716-244-9840

++Purchase from: James W. Sewall Co.
P. 0. Box 433
Old Town, Maine 04468
207-827-4456
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and configuration of the River changed radically following construction of the
Seaway, 1953 navigation charts were obtained and used to delineate the shoals
and littoral areas on the charts for the pre-Seaway time frame. The transfer
of contour lines from the 1:30,000 scale historical charts to the new 1:15,000
scale charts was accomplished using the zoom transfer scope.

When all charts were completed and proofed for errors, the three sets of charts
(three time frames) were cross-checked for consistency. The completed charts
were then taken to the National Coastal Ecosystems Team (U.S. Fish and Wildlife
Service) in Slidell, Louisiana, where they were digitized and entered into a
computer. The computer was then used to produce tables showing information
such as the quantity and location of each type of habitat, and how it changed
from one time frame to the next. The computer was also used to generate maps
showii g habitat changes over time (see Figures 4-6 in rear pocket). The
computerized information will also be available for future habitat comparisons.

Mapping Conventions and Descriptions of Zones

The categories used for mapping the habitats of the St. Lawrence River were
taken from Cowardin, et al. (1979) (Table 4).

'"or purposes of this classification, wetlands must have one or more
of the following three attributes: (1) at least periodically, the
land supports predominantly hydrophytes; (2) the substrate is
predominantly undrained hydric soil; and (3) the substrate is nonsoil -

and is saturated with water or covered by shallow water at some time .. .
during the growing season of each year." (Cowardin, et al. 1979).

For this study, islands and shoals have been placed into different categories
from the mainland. To distinguish an island from a shoal, an island is defined
as any offshore landmass greater than 1 acre in size and surrounded by water,
or islands or rocks named as islands on U.S. Geological Survey (USGS)
topographic maps or National Oceanic and Atmospheric Administration (NQAA)
navigation charts even if less than 1 acre in size. A shoal is defined as any
offshore (i.e., outside the 18-foot contour along the mainland or an island)
shallow water area less than 6 meters (18 feet) in depth and less than 1 acre
in size if exposed. Shoals may be rocky or sandy and include rocks that are
exposed, rocks that are sometimes submerged and sometimes exposed, and/or
submerged rocks. Those areas that meet this definition but are designated on
USGS maps or NOAA charts as islands are not included. These definitions have
been adopted with modifications from Geis and Hyduke (1983).

For the set of maps representing the present conditions (1979), the upland was
broken down into five categories, defined as follows: (1) Active agricultural
(Ua) - pasture, cropland, and orchards; (2) Developed (Ud) - towns, marinas,
etc.; (3) Successional (Us) - areas once farmed, logged, or otherwise disturbed
(vegetation can include old field or shrub types); (4) Wooded (Uw) - deciduous,
coniferous, mixed, and plantation vegetation; (5) Rock outcrop (Ur) - areas
with exposed bedrock and poorly developed soils which may be vegetated with
either herb/shrubs or tree/shrubs (Table 5). Uplands located on islands
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Table 4 . Wetland classification system used to produce habitat maps of the
St. Lawrence River for three time frames. (Cowardin, et al. 1979).

RIVERINE SYSTEM-R

" SUBSYSTEM CLASS SUBCLASS

- EM EMERGENT WETLAND+  (2) NONPERSISTENT

I (1) BEDROCK
RB ROCK BOTTOM (2) RUBBLE

(1) COBBLE-GRAVEL(2) SAND
BUB UNCONSOLIDATED (3) MUD

BOTTOM 4 ORGANIC

TIDAL--- ---- ALGAL

TIDA( 2 AQUATIC MOSS
AB AQUATIC BED- (3) ROOTED VASCULAR4 FLOATING

2 LOWER --- BEDROCK
PERENNIAL- - - -' RS ROCKY SHORE 2 RUBBLE

I COBBLE-GRAVEL
2C SAND

US UNCONSOLIDATED (3 MUD
SHORE (4 ORGANIC

5) VEGETATED (pioneer)

3 UPPER
PERENNIAL

OW *open water/unknown
bottom

(1 BEDROCK
2) RUBBLE
3) COBBLE-GRAVEL

______________ 4) SAND
4 INTER4ITTENT SB STREAMBED 5) MUD

6) ORGANIC
7) VEGETATED (pioneer)

+EMERGENT WETLAND class only in RIVERINE TIDAL and RIVERINE LOWER PERENNIAL .'..

systems

*Terms added by U.S. Fish and Wildlife Service National Wetlands Inventory
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Table 4 (continued)

LACUSTRINE SYSTEM - L

SUBSYSTEM CLASS SUBCLASS

1 (1) BEDROCK
-- RB ROCK BOTTOM O (2) RUBBLE

(1) COBBLE-GRAVEL
UB UNCONSOLIDATED- (2) SAND

BOTTOM (3) MUD
(4) ORGANIC

1 LIMNETIC (1) ALGAL
-ABAQUATICBED (2) AQUATIC MOSS

-AB AQUATIC BED (3) ROOTED VASCULAR
(4) FLOATING

OW *open water/
unknown bottom

(1) BEDROCK --

RB ROCK BOTTOM (2) RUBBLE

(1) COBBLE-GRAVEL
(2) SAND

UB UNCONSOLIDATED (3) MUD
BOTTOM (4) ORGANIC

(1) ALGAL
(2) AQUATIC MOSS

AB AQUATIC BED (3) ROOTED VASCULAR
(4) FLOATING

(1) BEDROCK
2 LITTORAL -RS ROCKY SHORE (2) RUBBLE

(1) COBBLE-GRAVEL
(2) SAND

US UNCONSOLIDATED (3) MUD
SHORE (4) ORGANIC

(5) VEGETATED (pioneer)

EM EMERGENT WETLAND -f (2) NONPERSISTENT

OW *open water/
unknown bottom
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* Table 4. (continued)

PALUSTRINE SYSTEM

(NO SUBSYSTEM) CLASS SUBCLASS

(1) BEDROCK
RB ROCK BOTTOM (2) RUBBLE

(1) COBBLE-GRAVEL
UB UNCONSOLIDATED (2) SAND

BOTTOM (3) MUD
(4) ORGANIC

(1) ALGAL
AB AQUATIC BED (2) AQUATIC MOSS

(3) ROOTED VASCULAR
(4) FLOATING

(1) COBBLE-GRAVEL
(2) SAND

US UNCONSOLIDATED- (3) MUD
SHORE (4) ORGANIC

(5) VEGETATED (pioneer)

(1) MOSS
ML MOSS-LICHEN WETLAND (2) LICHEN

.(1) PERSISTENT
P PALUSTRINE EM EMERGENT WETLAND -j (2) NONPERSISTENT

(1) BROAD-LEAVED DECIDUOUS

SS SCRUB/SHRUB WETLAND (2) NEEDLE-LEAVED DECIDUOUS.'
(3) BROAD-LEAVED EVERGREEN

FO FORESTED WETLAND (4) NEEDLE-LEAVED EVERGREEN-
(5) DEAD

OW *open water/unknown
bottom

771
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' Table 4 (continued)

WATER REGIME MODIFIERS

Tidal Nontidal

L SUBTIDAL H PERMANENTLY FLOODED
M IRREGULARLY EXPOSED G INTERMITTENTLY EXPOSED
N REGULARLY FLOODED F SEMIPERMANENTLY FLOODED
P IRREGULARLY FLOODED C SEASONALLY FLOODED
V PERMANENTLY FLOODED- TIDAL B SATURATED

A TEMPORARILY FLOODED
T SEMIPERMANENTLY FLOODED - TIDAL J INTERMITTENTLY FLOODED
R SEASONALLY FLOODED - TIDAL K ARTIFICIALLY FLOODED

p S TEMPORARILY FLOODED- TIDAL D *seasonal/well-drained
C *seasonal/saturated
Z *permanently flooded/

U *unknown intermittently exposed

Y *semipermanently flooded/

L seasonally flooded/saturated

W *temporarily flooded/ -:-

intermittently flooded

SPECIAL MODIFIERS SOIL MODIFIERS

EXCAVATED b *beaver g ORGANIC

IMPOUNDED n MINERAL

DIKED
PARTLY DRAINED

f FARMED
r ARTIFICIAL

WATER CHEMISTRY MODIFIERS

Salinity Modifiers pH Modifiers

Coastal Inland

1 HYPERHALINE 7 HYPERSALINE a ACID
2 EUHALINE 8 EUSALINE t CIRCUMNEUTRAL
3 MIXOHALINE 9 MIXOSALINE I ALKALINE
4 POLYHALINE POLYSALINE
5 MESOHALINE MESOSALINE
6 OLIGOHALINE OLIGOSALINE
0 FRESH 0 FRESH
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utilize the same mapping conventions with a subscript "i" added. All upland
areas were designated 'V' on the pre-Seaway and post-Seaway map sets, with a
subscript "i" added to island upland (Table 5).

Four wetland categories were defined. A subscript "i" is used to distinguish
wetlands located on islands from thbose located on the mainland.

Broad-leaved deciduous forests (PFOl) are characterized by woody vegetation
that is 6 meters (20 feet) tall or taller (Table 5). These wetlands generally
occur on mineral soils or highly decomposed organic soils. They normally
consist of an overstory of trees, an understory of young trees or shrubs, and
an herbaceous layer. Common dominants are species such as red maple (Acer
rubrum), American elm (Ulmus americana), ashes (Fraxinus sp.), and swamp u
oak Quercus bicolor) (C-ardin , et al. 1979).

Broad-leaved scrub/shrub wetlands (PSSl) are dominated by woody vegetation that
is less than 6 meters (20 feet) tall. There may be a successional stage
leading to forested wetland or relatively stable communities. The species
include true shrubs, young trees, and trees or shrubs that are small or stunted
because of environmental conditions. Typical dominants are species such as
alders (Alnus spp.), willows (Salix spp.), buttonbush (Cephalanthus
occidentalis, red osier dogwood (Cornus stolonifera), and young trees of

species such as red maple and spruce Picea spp.) (Cowardin, et al. 1979).

Emergent wetlands (PEM) are characterized by erect, rooted, herbaceous
hydrophytes, excluding mosses and lichens. These wetlands are dominated by
perennials and vegetation is generally present for most of the growing season.
They generally maintain the same appearance from year to year. Among the
dominant plants are cattails ( a spp.), bulrushes (Scirpus spp.), sedges
(Carex spp.), reed grass tes communis), manna grasses cGl ram.)#
purple loosestrife (Lythrum salicaria), smartweeds lygonum spp., swamp

loosestrife (Decodon verticillatus), arrowheads (Sagittia spp.), pickerelweed
(Pontederia cordata), and arrow arum (Peltandra virginica) (Cowardin, et al. - .
1979).

The rooted vascular and floating vdscular categories were combined because of
the difficulty in distinguishing these two types on the black-and-white aerial
phiotos. This new category, rooted vascular/ floating-leaved (R2&B3), occurs at
all depths within the photic zone. It often is found in sheltered areas with
little water movement. Among the dominant plant species are waterweed (Elodea
canadensis), pondweeds (Potamogeton spp.), water lilies (Nymphaea spp. and
Nup spp.), duckweeds (Lemna spp. and p ella iza, coontail
athlum demersum), and water celery (Vallisneria americana) (Cowardin,

et al. 1979). .

Several categories for shoreline and cpen water were use All segments of the
River downstream from Tibbett's Point to the Iroquois Dam, and downstream from
the Moses-Saunders Dam/Long Sault Dam/Snell Lock area to the International
border were considered riverine. The area between Iroquois Dam and the Moses-
Saunders/Long Sault/Snell Lock area was considered lacustrine because it was
impounded and Lake St. Lawrence had been formed. Iroquois Dam war, arbitrarily
chosen as the upstream border of the impoundment because no precise border

L. L exists, and Iroquois Dam has been used in past studies to depict the start of
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Table 5. Mapping categories, conventions, and abbreviations used to produce
habitat maps of the St. Lawrence River for three time frames.

UPLAND (MAINLAND)

Category Mapping Convention Abbreviation*

Active agricultural U MI
includes pasture, cropland,.
and orchards.

Developed U M2
includes towns, marinas, etc. d.

Successional Us  M3
includes areas once farmed, logged,
or otherwise disturbed; vegetation
can include old field or shrub.

Wooded U M4
includes deciduous, coniferous, .
mixed, and plantation vegetation.

Rock outcrop U M5
includes areas with exposed bedrock
and poorly developed soils; vegetated
with either herb/shrubs or tree/shrubs.

UPLAND (ISLAND)

Category Mapping Convention Abbreviation*

Active agricultural Uia II

Developed Uid 12

Successional Ui s 13

Wooded Uiw 14

Rock outcrop Uir 15
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Table 5 (continued)

WETLAND (MAINLAND)

Category Mapping Convention Abbreviation*

Broad-leaved deciduous forest PF01 M6

Broad-leaved scrub/shrub PSS1 M7

Emergent PEM M8

Rooted vascular floating-leaved R2AB3 M9

Palustrine open water POW POW

WETLAND (ISLAND)

Category Mapping Convention Abbreviation*

Broad-leaved deciduous forest PFO1I  16

Broad-leaved scrub/shrub PSS1 17

Emergent PEM1  18

Rooted vascular floating-leaved R2AB31  19

Palustrine open water POW. POW.

WATER

Category Mapping Convention Abbreviation*

River Segment

Shallow littoral mainland (< 6 ft.) R2UB R1

Deep littoral mainland (6-18 ft.) R2UBH R2

Deepwater (> 18 ft.) R2OWH R3

Shallow shoal (< 6 ft.) R2RB R4

Deep shoal (6-18 ft.) R2RBH R5

Streambed mainland R2SB R6

Shallow littoral island (< 6 ft.) R2UB i  R7

Deep littoral island (6-18 ft.) R2UBH i  R8
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Table 5 .(continued)

Category Mapping Convention Abbreviation*

Streambed island R2SB1  R9

Breakwater, Dam R2RSr RO

Mudflat mainland R2US3 RX

Mudflat island R2US3i RY

Category Mapping Convention Abbreviation*

Impounded Segment

*Mudflat mainland L2US3 Li

Shallow littoral mainland (6 ft.) L2UB L2

*Deep littoral mainland (6-18 ft.) LiUB L3

Deepwater (> 18 ft.) L10WH L4

Shallow shoal <c6 ft.) L2RB L5

Deep shoal (6-18 ft.) L1RB L6

Mudflat island L2US3i L7

Shallow littoral island (< 6 ft.) L2UBi L8-

Deep littoral island (6-8f) L1UB1  L

*Breakwater, Dam LlRSr LO

Flooded stream channel LOW LOW

*Abbreviations are used on the pre-seaway (1941-1955) and post-seaway (1959-1962)
charts. Regular mapping conventions are used on the present (1979) charts.
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Lake St. Lawrence. The entire River was considered riverine on the historical.
(pre-Seaway) charts since the dams and locks did not exist. Riverine mapping
conventions began with an "R", while lacustrine mapping conventions began with
an "I". For purposes of this study, the shallow littoral zone (R2UB or L2UB)
(Table 5) was defined as the open-water area between the shoreline and the 6-
foot contour depicted on the NOAA navigation charts. This zone is
characterized by a dense growth of rooted aquatic macrophytes and is important
as spawning and nursery sites for fish. The deep littoral area (R2WBH or LIUB)
was defined as the open-water area between the 6-foot and 18-foot contours.
This zone contains important fish habitat and is characterized by low density
rooted aquatic plant growth. The 18-foot contour is a reasonable approximation
of the limit of rooted aquatic vegetation. The subscript "i" was appended to
the mapping convention when the littoral zone was surrounding an island and was
separate from the mainland littoral area (e.g., an island located between the
mainland and the 6-foot contour would not have its own littoral zone; the
littoral area around the island would be considered part of the mainland
littoral zone). These definitions have been adopted with modification from
Geis and Hyduke (1978a, 1983).

Shoal areas were broken down into shallow shoals (R2RB or L2RB) and deep shoals
(R2RBH and LIRB) (Table 5). All shoal areas within a 6-foot contour line were
considered to be shallow shoals. All shoal areas between 6-foot and 18-foot
contour lines were defined as deep shoals. A shallow-water area (i.e., a
polygon formed by a 6-foot contour line) located within the 18-foot contour
line along the mainland or around an island was considered to be shallow
littoral (either mainland or island) rather than shallow shoal because it was
not surrounded by deepwater. All water greater than 18 feet in depth was
considered to be deepwater (R20WH or LlOWH).

Several other seldom-occurring categories were defined. Palustrine open water(POW or POW.) was an open-water area surrounded by wetland (upland ponds were

not included) (Table 5). Large breakwaters and dikes extending perpendicular
to shore or surrounded by water were designated by the conventions R2RSr or
LURSr. Dams were also considered in this category and were arbitrarily placed
in riverine or lacustrine since they represented the dividing line for the two
areas. Mud flats (R2US3, R2US3 i , L2US3, or L2US3 i ) were defined as
unconsolidated shores with a mud substrate. These were found in rare instances
where great water level fluctuations occurred, exposing the mud for a portion
of the year but not long enough for plants to become established. The final
category used was streambed (R2SB, R2SBi , or DOW). This category included the
open-water areas of tributary streams where no contour lines were present to
distinguish shallow and deep littoral areas.

Literature Search

While the mapping was being done, a search for literature, both published and
unpublished, was conducted to locate all the data available on the St. Lawrence
River. The collected literature was organized and cataloged. The reports and
data were then searched, and all information on the abundance of each index
species was tabulated. Information was also obtained on the habitat

L @ requirements and preferences of each index species.
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The literature Information was then used in conjunction with the mapped habitat
data to determine changes in habitat availability for indeax species. The data
were also used to describe the current ecosystem and to identify those areas
where studies are needed to better understand the system.
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Hydrol g and _Idraulice

The St. Lawreoe River starts as the outflow of lake Ontario. At any moment in
time, prior to the construction of the St. Lawrence Project, the volume of
outflow ws dictated by the level of Lake Ontario (including wind set-up) and
the channel capacity, which consists of the channel cross section, channel
roughness, and channel slope. The outflow is now regulated. Historic water
levels (19O0-1978) for Lake Ontario by year and month are provided in Table 6,
while outflows (1860-1983, as recorded at the Cornwall, Ontario gauge) are
provid in Table 1.

Prior to construction of the St. Lawrence Seaway, there were no major water .

level and flow controls on the St. Lawrence River. River flows were relatively
uniform, however, due to the great storage basin of the Great Lakes System.
Mean annual flows, based on the gauge at Cornwall, ranged from 184,000 cfs in
1934 and 1935 to 280,000 cfs in 1861 (Table 1). The 1930's were relatively dry
years Mean annual flows from 1931 to 1942 ranged from 184,000 cfs to 220,000
cfa, well below the pre-Seaway average of 241,000 cfs. For the ten-year period
immediately prior to the Seaway opening (1949-1958), the mean annual flows
ranged from 219,000 cfs in 1958 to 277,000 cfs in 1952 (Table 1). During the
period from 1949 through 1958, the lowest mean monthly flow was 207,000 cfs
(Table 1) in November, 1958, and the highest was 305,000 cfs in June, 1952.
The mean annual flow for the ten-year period (1949-1958) immediately prior to

the power pool formation at hoses-Saunders Dam was 251,000 cfs.

The lowest r in monthly means for any year between 1860 and 1958 was 23,000
cfs, which occurred in 1906, 1928, and 1958 (Table 7); the 1958 range was the
lowest for the ten-year period prior to the Seaway opening (Table 8). The
highest range in monthly means for any pre-Seaway year was 86,000 cfs in 1893.
For the 1949-1958 period, the highest range was only 64,000 cfs (in 1951). The
average annual range in monthly means (i.e., the annual range equals the
difference between the maximum monthly mean and the minimum monthly mean)
during this period was 46,000 cfs, while the average annual range in monthly
means from 1860 through 1958 was 51,000 cfs. These data are indicative of
relatively uniform flows throughout the years and from month-to-month. In
addition, the ranges during the dry years in the 1930's were as great or
greater than the ranges during the relatively wet years of 1951-1953.

The total fall over the 540 mile length of the St. Lawrence River was
ar tely 245 feet, about one-third of wAhich occurred in the International
section. The elevations averaged E1.245 at Lake Ontario, El.229 at Point
Fkckaway (present location of Iroquois Dam), and E1.159-169 at Barnhart Island
(present loatio3 of Moses-Saunders Dam) (NYS Dept. of Health 1963).
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Table 7 A Annual means, highest and lowest monthly means, and range of monthly
means for discharges at the OQrnwal Gauge on the St. [awrence River
for the pro-Seaway period, 1860-1958. All figures are in thousands of

4L cubic feet per second (cfs).

Nonmal Annual Highest Monthly Eowest Monthly Range of
YEAR ,ieans (all days) Means (all days) Means (all days) Monthly Means

1860 -* .
1861 280 304 234 70
1862 279 311 248 63
1863 272 296 256 40
1864 268 297 238 59

1865 261 285 238 47
1866 251 270 213 57
1867 267 303 230 73
1868 240 262 209 53
1869 256 283 205 78

1870 279 314 256 58 I...
1871 252 274 224 50
1872 221 239 194 45
1873 244 272 197 75
1874 260 281 230 51

1875 228 251 173 78
1876 272 302 229 73
1877 245 263 210 53
1878 258 272 228 44
1879 251 268 227 41

1880 244 261 227 34
1881 232 254 182 72
1882 260 282 241 41
1883 255 288 204 84
1884 268 296 232 64

1885 256 278 218 60
1886 277 302 256 46
1887 265 292 237 55
1888 239 256 205 51
1889 246 269 220 49

1890 268 292 250 42
1891 250 278 217 61
1892 232 258 200 58
1893 243 279 193 86
1894 239 266 207 59
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Table 7 .(Continued)

Normal Annual Highest Mobnthly Lowrest Monthly Range of -IYEAR Means (all days) Means (all days) Means (all days) Monthly Means

1895 208 228 190 38
1896 215 238 196 42
1897 220 243 191 52
1898 230 248 211 37
1899 226 249 210 39

1900 228 246 208 38
1901 226 248 206 42
1902 231 250 189 61

ml1903 242 260 220 40
1904 247 278 203 75

1905 238 259 209 50
1906 238 250 227 23
1907 248 263 223 40
1908 260 294 227 67
1909 238 266 208 58

1910 229 249 200 49
1911 217 232 200 32
1912 236 268 191 77-
1913 257 280 238 42
1914 236 257 215 42

1915 219 229 203 26
*1916 243 277 214 63

1917 245 268 215 53
1918 244 260 223 37
1919 252 277 233 44

*1920 222 232 204 28
1921 232 251 210 41
1922 230 257 198 59
1923 214 236 196 40
1924 224 243 202 41

*1925 211 230 183 47
1926 212 227 180 47
1927 226 242 200 42
1928 241 254 231 23
1929 259 287 229 58

1930 259 281 222 59
1931 210 224 194 30
1932 220 240 203 37
1933 203 224 179 45
1934 184 206 169 37
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Table 7 .(bntinued)

Normal Annual Highest Monthly Lowest Monthly Range of
YEAR Means (all days) Means (all days) Means (all days) monthly eans

1935 184 202 166 36
1936 195 223 154 69
1937 219 237 198 39
1938 218 235 196 39
1939 215 239 183 56

1940 212 234 184 50
1941 210 228 194 34
1942 220 237 188 491943 257 292 209 83
1944 240 260 222 38

1945 252 271 195 76
1946 249 263 232 31
1947 262 296 227 691948 254 282 220 62
1949 233 255 208 47

1950 243 263 220 43
1951 267 294 230 64S C07 1952 277 305 251 54

1953 260 283 237 46
1954 258 282 228 54

1955 267 294 246 48
1956 254 282 234 48
1957 234 248 214 34
1958 219 230 207 23

AVERAGE 241 263 212 51

*Data available for only June through December in 1860.
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Thble 8 *Annual means, highest arnd lowst monthly means, and range of monthly
mans for discharges at the Corrnmall Gauge on the St. Lawrence River
for the ten-year period prior to the fonmation of Lake St. LawrenceI (1949-1958). All figures are in thousands of cub~ic feet per second
(cfs).

Normal Annual Highest Monthly Lowest Monthly Range of
* YEAR Means (all days) Means (all days) Means (all days) Monithly Means

-: 1949 233 255 208 47
1950 243 263 220 43

* 1951 267 294 230 64
W 1952 277 305 251 54

1953 260 283 237 46

1954 258 282 228 54
1955 267 294 246 48
1956 254 282 234 48

- 1957 234 248 214 34
L 1958 219 230 207 23

AVERAGE 251 274 228 46
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Post-Seaway

The St. Lawrence Seaway and Power Project greatly altered the hydrology of the
St. Lawrence River. Around the same time, the International Joint Commission
(.JC) established water level regulations for Lake Ontario. The total fall
over the length of the River remained 245 feet, but the distribution of the
fall was altered. The elevation of the River at Iroquois Dam was raised from
229 feet to 241 feet, reducing the fall from Lake Ontario to Point Rockaway
from 16 feet to only 4 feet. The elevation just upriver of the Moses-Saunders
Dam was raised from 160 feet to about 240 feet. This resulted in most of the
fall in the international section of the River occurring at the Moses-Saunders
Dam (NYS Dept. of Env. Cons. 1978; NYS Dept. of Health 1963).

When the River was first flooded for the power project, the maximum elevation
at Moses-Saunders Dam was limited by design to 237.0 feet. At that time,
Iroquois Dam had a fall of 3 to 5 feet. When the forebay restrictions at
Moses-Saunders Dam were lifted a short time later, Iroquois Dam was operated in
a fully-opened position with no fall. Since that time, Iroquois Dam has
normally been operated in a fully-opened position, except when certain
combinations of Lake On~tario levels and regulated flows cause undesirably high
forebay levels at the Power Project, at which time the gates at Iroquois are
partially closed to limit these high levels. This situation usually occurs
above elevation 242. The gates at Iroquois are also used to help form an ice
cover ibove the damn and to limit the amount of ice moving downstream (Bryce
1982).

At on- point during construction, Iroquois Dam controlled Lake Onitario and had
a head of 15 feet. The original location of the dam was to be Iroquois Point.

(i7 However, hydraulic conditions proved to be unsatisfactory at that location due
to an abrupt change in the direction of flow. As a result of that discovery,
Iroquois Dam was located at Point Rockaway (Bryce 1982).

Upon completion, the St. Lawrence Power Project extended throughout the
international Rapids section from the Ogdensburg/ Prescott area downriver a
distance of 45 miles to Cornwall. The natural fall in this area had been 92
feet, distributed as follows: Galop Rapids - 9 feet; Plat Rapids - 12 feet;
Long Sault Rapids - 30 feet; the rest as river slope and small drops (Bryce
1982) (Fig. 2).

Throughout the project construction, adequate flows to ensure 14-foot
navigation were provided. This condition existed until June 30, 1958, at which
time navigation was suspended while the power pool was flooded. When
navigation resumed on July 4, it was under deep-draft conditions in the Lake
St. Lawrence area. When the project was completed, the navigation route was as
follows: the headwater pool was entered through the Eisenhower/Snell Locks; -

the ships proceeded up the flooded river channel to Morrisbury and through the
enlarged river channel to Iroquois; after passing through Iroquois Lock, the
ships continued through the enlarged channel to Chimney Point, at which point
they entered the natural river (Bryce 19@2).

39

., . . . . . . . . . . . . . . . . . .



Numerous changes were made in the river channel to achieve the deep-draft
navigation route and to provide "proper" flow condiitions for the power project

* (Fig. 3; see also Fig. 41 in Appendix B). From the powerhouse down to Polly's
* Gut, channel enlargements were made to lower tailwater levels. This work was

completed in November, 1961. Extensive channel enlargements were also made
between Morrisburg and Sparrowhawk Point.

*In addition to providing clearance for 27-foot draft navigation, the channel
enlargements were made so that water-flow velocities would not exceed those at

* which an ice cover could form. This was determined to be 2.25 feet per second.
Once the pack formed, it would continue to advance upstream provided the flow
was less than or equal to 2.25 feet per second. A stable ice cover was

* required to prevent ice jams which restrict the outflow from Lake Ontario and
reduce the head at Moses-Saunders Dam, resulting in a loss of power production.
The ice cover first forms at the powerhouse at Moses-Saunders Dam, then

* progressively "packs" upriver until a firm, stable ice cover extends to the
Cardinal area. Five ice booms were installed in 1959 to prevent ice from
moving through the Galop Channel; a sixth boom was later added when five proved
inadequate (Bryce 1982).

Extensive channel enlargements were also made in the reach from Cardinal to
Chimney Point for the purpose of reducing velocities below 4 feet per second, a
speed which was considered safe for navigation (Bryce 1982).

Record high water levels on Lake Ontario in 1952 caused extensive flooding and
damages. In June of that year, the IJC began studying water level regulations

* for Lake Ontario and the St. Lawrence River. The regulation requirements of
* the three main user groups were basically incompatible. The riparian property

owners wanted a reduction in the extremes of stage with a narrow range of
stages (stable low water). The navigation interests wanted high minimums to -

reduce the need for dredging, and low maximums to reduce the 'height of docking
facilities (stable medium /high water). The power interests, on the other
hand, wanted a large range in lake levels to produce more uniform regulated

* flows; they also wanted high levels to maximize head and a flow distribution in
phase with their load demarnd. A variety of plans was developed and modified to
best meet the needs of all users (Bryce 1982).

The current plan, called 1958-D, went into effect in Octtber, 1963. This plan
was modified from 1958-C to improve Montreal Harbor water levels during low

* supply conditions. The Board of Control was also given discretionary authority
under "Criterion K". When supplies exceeded the range on which the regulation

* plan was designed, the regulation plan could be abandoned and the levels and
flows adjusted to provide the most benefits for upstream and downstream
interests, while providing the least damages to all interests (Bryce 1982).

The early 1960's, particularly 1963-1965, were a period of low water supply
(levels) in the Great Lakes, which impacted on the quantity of outflow. The
mean annual flow for the ten-year period following the formation of Lake St.
Lawrence (1959-1968) was 221,000 cfs (Tqble 9). The lowest mean annual flow
during this period was 195,000 cfs in 1965, while the highest was 252,000 cfs
in 1968. The lowest monthly mean flow was 176,000 cfs in May, 1965, while the
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Table 9 *Annual means, highest and lowest monthly means, and range of monthly
means for discharges at the Corniwmll Gauge on the St. Lawrence River for
the post-Seaway period, 1959-1968. All figures are in thousands of
cubic feet per second (cfs).

Normal Annual Highest Monthly Lowest Monthly Range of
YEAR Means (all days) Means (all days) Means (all days) Monthly Means

1959 223 263 178 85
1960 238 290 204 86
1961 234 279 209 70
1962 208 217 191 26
1963 206 217 188 39

1964 198 211 179 32
1965 195 227 176 51
1966 220 234 212 22
1967 234 281 212 69
1968 252 270 237 33

AVERAGE 221 249 199 50
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highest was 290,000 cfs in June, 1960 (Table 9). The average annual range in
monthly mean flows for this ten-year period was 50,000 cfs; the minimum range
for any year was 22,000 cfs in 1966, while the maximum range was 86,000 cfs in
1960.

Present

"The water resources picture of the St. Lawrence River-Eastern Lake
Ontario shoreline is dominated by the massive, relatively constant
volume of flow of the Great Lakes/River system. Inputs into the study
area from precipitation are low, for New York State, and the
contribution of large tributary streams is minor -- even though they
originate in some of the highest precipitation areas of the state.
The tributaries generally contain water of lower quality, have a more
widely fluctuating regime and relative small volume." (Eschner and
Wicker 1972).

The average flow of the St. Lawrence River at Ogdensburg is 30 times as large
as the total flow of the five major streams (Oswegatchie, Grasse, Raquette, St.
Regis, and Chateaugay Rivers) flowing into the International section.
Approximately 86 percent of the flow entering the River from Lake Ontario
comes from the upper four Great Lakes. Large variations in the water supply to
the River from surrounding lands has little immediate effect on river flows
(Eschner and Wicker 1972). High water levels from 1972-1975 were caused by
long term above average precipitation in the Great Lakes Basin (SLE0C 1975).

The flow of the River is broken up by many islands and shoals which create
back-eddies and quiescent areas. The River is stratified at its source, (Lake
Ontario) in late summer, but a constriction in the main channel near Alexandria
Bay results in complete mixing throughout 'he remainder of the River's course
(Lawler, Matusky, and Skelly 1977).

The Moses-Saunders Dam and/or the Long Sault Dam control the outflow from Lake
Ontario, and consequently affect its levels. The power project operates at
times in a peaking mode (peaking flows are short-term increases in the water
flow above the run-of-the-river flow to benefit hydropower production). The
original peaking limits were + 10,000 cfs from the daily mean flow prescribed
by the regulation plan; the prescribed mean for the day had to be preserved,
however. Later, the limits were expanded to + 30,000 cfs with occasional
increases to + 50,000 cfs for short periods of time in the event of critical
energy shortages. increased flows caused by "peaking" are not allowed to
exceed a total flow of 280,000 cfs. Most of the river flow exits through the
powerhouse, but there are four other outlets for the River at Massena. These
are Long Sault Dam, which can control the entire flow of the River, if
necessary, but which seldom has water flowing through it; the Wiley-Dondero
Canal, which uses a small amount for navigation; the Cornwall Canal, which
utilizes a small amount for domestic and industrial purposes; and the Massena
Intake, which provides small quantities of water for ALCOA and the Village of
Massena (Bryce 1982).
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The mean annual flow for the ten-year period 1969-1978 was 279,000 cfs (Table
10). This period included several years of rather high water levels. The
lowest mean annual flow during this period was 250,000 cfs in 1970, which was
almost equal to the greatest mean annual flow during the previous ten-year
period (252,000 cfs in 1968). The greatest mean annual flow was 309,000 cfs,
which occurred during a very wet year, 1973. The lowest monthly mean flow for
any of these years was 215,000 cfs in February, 1977, while the highest,
350,000 cfs, occurred in June and July, 1973, and July, 1976.

The greatest range in mean monthly flows for any year between 1969 and 1982
(most recent year with complete records) occurred in 1976, when flows varied
from a mean monthly high of 350,000 cfs in July (Table 11), to a mean monthly
low of 239,000 cfs in December, a difference of 111,000 cfs. The lowest annual
range for this period was 37,000 in 1970. The average annual range during this
period was 73,000 cfs, which is high for the St. Lawrence River (53,000 cfs was
the average annual range from 1861-1982), but not for most major rivers, which
have extremely high annual fluctuations. -

Prior to July, 1972, only twice since 1886 had the monthly mean flow exceeded
300, 000 cfs - in May and June of 1952 (Table 1). Since that time, this figure
has been exceeded at least once in most years; in those years when it was not
exceeded, the highest monthly mean still exceeded 295,00 cfs. Prior to 1886,
there were five years when the monthly mean flow exceeded 300,000 cfs in may,
June, and/or July. Since June, 1965, no mean monthly flow has been below
200,000 cfs; prior to that time, flows less than this level were commonplace,
especially in the 1930's and early 1960's. These figures indicate changes in
precipitation and the effects of the water level regulation, particularly the
high outflows caused by the release of water to decrease flooding along the
shores of Lake Ontario.

Regulation of the outflow has not completely prevented Lake Ontario shoreline
flooding; higher rates of precipitation throughout the Great Lakes Basin offset
the regulatory controls. Water flaw in the St. Lawrence during the past years
has been much higher than average (Tables 1 and 11).

Historically, a synchrony existed between high Lake Ontario water levels (Table
6) and St. Lawrence River flows. This synchrony has been modified to some
extent by the changes in the "natural" hydraulics of the system caused by the
construction and by the flow regulations. The Iroquois Dam increases the
"roughness" of the channel, which decreases the water flow, which in turn backs
up some water into Lake Ontario. If no means of regulation had existed during
the recent period of high water supply, downstream shoreline damage could have
been much higher. Tables 12 and 13 and Figures 7, 8, and 9 graphically
illustrate some of these changes. The high levels shown for the winter months
in Figure 7 were caused by annual ice jams at the foot of Cornwall Island. The
construction and operation of the St. Lawrence Project essentially eliminated
these peaks.

The months and years of minimum flows in the St. Lawrence River have
corresponded quite well with the months and years of low water levels in Lake
Ontario, especially during pre-Seaway times. Most of the minimum water levels .-

occurred between 1934 and 1936, and the minimum flows corresponded with these
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Table 10 *Annual means, highest and lowest monthly mn s, and range of monthly
means for discharges at the Obrnwall Gauge on the St. Lawrence River for
the ten-year period from 1969-1978L All figures are in thousands of
cubic feet per second (cfs).-

Nrmal Annual Highest Monthly Lowest Monthly Range of
YEAR Means (all days) Means (all days) Means (all days) Monthly Means

* 1969 266 297 235 62
1970 250 265 228 37
1971 258 285 235 SO

*1972 280 310 222 88
1973 309 350 252 98

1974 299 336 240 96
*1975 284 308 239 69

1976 300 350 239 111
*1977 262 300 215 85

1978 277 315 225 90

AVERAGE 279 312 233 79
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Table 11 . Annual nans, highest and lowest nwthly means, and range of monthly
means for discharges at the Cormall Gauge on the St. Lawrence River for
the present time period, 1969 through 1982 (the last year of record).
All figures are in thsads of cubic feet per second (cfs).

Normal Annual Highest Monthly Lawest Monthly Range of
YEAR Means (all days) Means (all days) Means (all days) Monthly Means

1969 266 297 235 62
1970 250 265 228 37
1971 258 285 235 50
1972 280 310 222 88
1973 309 350 252 98

1974 299 336 240 96
1975 284 308 239 69
1976 300 350 239 111
1977 262 300 215 85
1978 277 315 225 90

1979 276 296 221 75
1980 277 301 252 49
1981 270 300 236 64
1982 270 291 240 51

AVERAG 277 307 234 73
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* Table 12 .. Maximum and minimum monthly mean flows recorded at the Cornwall Gauge
on the St. Lawrence River, as compared to the maximum and minimum
monthly mean water levels on Lake Ontario. The period of record is
1900-1978.

YEAR RECORDED
Minimum Maximum

MONTH LI/F2 ist 5  2nd 3rd 1st 4  2nd 3rd

January L 1935 1965 1936 1946 1952 1978
F 1935 1934//1936 1946//1955 1952

February L 1936 1935 1965 1952 1973 1978
F 1936 1935 1934 1978 1973 1952//1974

March L 1935 1936 1964 1952 1973 1930
F 1935 1936//1965 1974 1973//1978

April L 1935 1934 1965 1973 1952 1951
F 1964 1965 1935 1973 1974 1976

May L 1935 1934 1915 1973 1952 1951
F 1965 1964 1963 1973 1976 1978

June L 1935 1934 1915 1952 1973 1947
F 1965 1964 1935 1973 1976 1974

July L 1934 1935 1936 1947 1952 1941
F 1934 1964//1965 1973//1976 1974

August L 1934 1935 1936 1947 1952 1943
F 1934 1935 1936 1974 1976 1973

September L 1934 1935 1936 1947 1952 1929
F 1934 1935 1936 1973 1974 1972

October L 1934 1935 1936 1945 1947 1952
F 1934 1935 1936//1933 1973 1974 1972//1975//1976

November L 1934 1935 1933 1945 1943 1947
F 1934 1935 1933 1975//1976 1977

December L 1934 1935//1964 1945 1951 1952
F 1934 1935 1933 1967//1974 1972

Annual Mean L 1935 1934 1936 1952 1951 1973
F 1935//1934 1936 1973 1976 1974

1LiLake Ontario Water Levels
2F-St. Lawrence River Flows (at Cornwall, Ontario)
31st=Year lowest value occurred; 2nd=Year second lowest value occurred; 3rd-Year

third lowest value occurred.
41st=Year highest value occurred; 2nd=Year setond highest value occurred; 3rd-

Year third highest value occurred.
// Indicates tie (i.e., equal values for both or all three years).
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Table 13 • Number of times each year between 1900 and 1978 ranked first, second, or
third for maximum or minimum St. Lawrence River flows or Lake Ontario
water levels (see Table 12 ). Years not ranked are not listed.

MINIMUM MAXIMUM
Number of Months Ranked Number of Months Ranked

YEAR LI/Fz lst3 2nd 3rd Total4  YEAR LI/Fz 1st3 2nd 3rd Total*

1915 L 0 0 2 2 1929 L 0 0 1 1
F 0 0 0 0 F 0 0 0 0

1933 L 0 0 1 1 1930 L 0 0 1 1
F 0 0 3 3 F 0 0 0 0

1934 L 6 4 0 10 1943 L 0 1 1 2
F 7 1 1 9 F 0 0 0 0

1935 L 6 7 0 13 1945 L 3 0 0 3
F 3 6 2 11 F 0 0 0 0

1936 L 1 1 6 8 1946 L 1 0 0 1
F 1 2 4 7 F 1 0 0 1

1963 L 0 0 0 0 1947 L 3 1 2 6
F 0 0 1 1 F 0 0 0 0

1964 L 0 1 1 2 1951 L 0 2 3 5
F 1 3 0 4 F 0 0 0 0

1965 L 0 1 2 3 1952 L 4 6 2 12
F 2 3 0 5 F 0 0 2 2

F7 TOTALS6  L 13 14 12 39 1955 L 0 0 0 0
F 14 15 11 40 F 1 0 0 1

1L-Lake Ontario Water Levels 1967 L 0 0 0 0
2F=St. Lawrence River Flows (at Cornwall, F 1 0 0 1

Ontario)
31st-Number of times specific year had 1972 L 0 0 0 0

the lowest mean water level/flow; F 0 0 3 3
2nd and 3rd refer to number of times
ranked second and third lowest. 1973 L 2 3 1 6

4Total-Number of times specific year F 7 2 1 10
ranked in top three between 1900
and 1978. 1974 L 0 0 0 0

51st-Number of times specific year had F 3 3 4 10
the highest mean water level/flow;
2nd and 3rd refer to number of times 1975 L 0 0 0 0
ranked second and third highest. F 1 0 1 2

6Totals do not necessarily add up to 13
(12 months plus annual mean) due to ties. 1976 L 0 0 0 0

F 2' 4 2 8

1977 L 0 0 0 0
F 0 0 1 1

1978 L 0 0 2 2
F I 1 1 3

TOTALS6  L 13 13 13 39
F 17 10 15 42
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* s Figure 7. St. Lawrence River monthly mean water levels,
V-a 1920-1981 (International St. Lawrence River

o 164- Board of Control 1982).
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*Figure 7. (continued)
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Figure 7. (Contirnueol
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. 7.

J Figure 8. Stage duration curves for pre-project (1920-1960) and post-project
(1960-1980) water levels at Cornwall, Ontario (International
St. Lawrence River Board of Control 1982).
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levels. However, in May, June, and July, the low flow years were generally
1963-1965, while the low water level years were 1934-1936, just as they had
been for other months (this was a period of very dry years during the
"dustbowl" era). The fact that the flows do not correspond with the water
levels indicates that water was held back during the summer months in the 1963
through 1965 period.

The maximum levels and flows do not correspond as well. The high water level
1 years appear to be 1951, 1952, 1973, 1945, 1947, while the years of high flow

are the 1970's, particularly 1973, 1974, and 1976. These were all generally
* - wet years. However, only the 1973 data show a correlation between high Lake

Cntario water levels and high St. Lawrence River outflows. This indicates that
water levels were artifically reduced in the 1970's by allowing a greater flow
in the River. Had regulation not been in effect and the additional channel
capacity not available, the maximum flow years would have correlated more
closely with the maximum water level years.

Physicochemical Environment

Pre-Seaway

Very little 0iysicochemical data are available for the St. Lawrence River prior
to Seaway construction. Much of the data that is available deals with
tributary streams and lakes in the St. Lawrence watershed. The State of New
York Conservation Department (1931) sampled the River at various locations in
1930. They also conducted some sampling throughout the watershed. All of the
sampling in the main River occurred between Ogdensburg and Cornwall. No
upriver areas were sampled.

The samples were taken in late June and early July when the air temperature was
190-30uC and the water temperature ranged from 17 0 -22.5 0 C. Parameters that
were measured included free carbon dioxide, alkalinity, dissolved oxygen [parts
per million (ppm) and percent saturation], and pH. The pH was slightly basic,
ranging from 8.0-8.6 (Table 14), with the highest readings occurring near sewer
outlets or creek mouths. The typical pH reading was 8.2. The oxygen
saturation was quite high, ranging from 84.5 percent to 124.6 percent. This
was due to the rapid flow throughout most of that stretch of the River. The
dissolved oxygen content ranged from 8.0 ppm to 10.1 ppm.

The Conservation Department also conducted extensive sampling throughout the
Grasse, Salmon, Chateaugay, Marble, Trout, Raquette, and Oswegatchie Rivers,
and the tributaries and watersheds of each. Results varied, but most had pH
readings that were slightly basic, although the upper Grasse River was slightly
acidic in places, perhaps due to acid mine drainage. With the exception of the
upper Grasse River, most of the sampling stations were at or near oxygen
saturation. The dissolved oxygen saturation in the Grasse River from DeGrasse
to Massena was only 60-70 percent, which is low for such a long stretch of
northern New York water. This relatively low saturation level was due to
serious pollution problems such as municipal sewage, iron ore waste, and paper
pulp, although the latter tw were in a decline when the survey was taken.
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Other physicochemical data were collected on the Canadian side of the River
between Patterson Bay and Prescott in 1952 by the Academy of Natural Sciences
of Philadelphia (1953). Data were collected at four stations, and included
such parameters as dissolved oxygen, alkalinity, hardness, turbidity, pH,
biochemical oxygen demand, specific conductivity, and quantities of various
minerals and chemical compounds. Since the stations were in close proximity,
the data varied little between stations. The dissolved oxygen ranged from
8.4-9.3 ppm (Table 14), while the pH was 8.3 at all stations. Calcium was
present at 40 ppm at all sites, while chlorine ranged from 22.0-23.0 ppm and
sulfides (SO4 ) ranged from 21.6-23.4 ppm. All other chemicals were found in
relatively small quantities. The biochemical oxygen demand ranged from 0.4 ppm
to 1.1 ppm.

In general, early researchers found the St. Lawrence to have excellent water
quality, with localized areas of pollution near sewer outfalls and other waste
sites. This was due to the large volume of flow which enabled the River to
dilute and carry away most of the pollution, and the relatively sparse human
populations, which put less demand on the River.

Post-Seaway

During the period following the Seaway opening in 1959, the water quality
9- remained much the same as it had been. The surface water resources were

generally of good quality due to sparse populations, low levels of industrial
activity, the location of the larger communities and industries adjacent to the
River, and the high recovery characteristics of the St. Lawrence and its
tributaries. Water quality problems were generally localized around individual
waste sources such as cottages (Eschner and Wicker 1972; NYS Dept. of Health
1963).

All of the villages along the St. Lawrence River except Waddington discharged
raw municipal sewage into the River. In addition to sewage, other pollution
sources included industrial wastes in Massena, power plant discharges in
Ogdensburg, oil pollution from industrial shipping and recreational boating
throughout the River, and several point sources such as runoff from rural and
urban land; residues from the application of chemicals, fertilizers,
pesticides, and de-icing compounds; and erosion products, particularly those
from subdivision and roadway construction (Eschner and Wicker 1972; NYS Dept.
of Health 1963).

Some pollution also existed in the major tributary streams. The main pollution
source in the Raquette River was municipal wastes, particularly around the
Potsdam area, where a sharp increase in biochemical oxygen demand (BOD) and
coliform count, and a drop in dissolved oxygen, occurred. In the Grasse River,
the prime sources of pollution were treated municipal wastes from Canton and
Massena and industrial wastes from Massena. The lower reaches of the Grasse
River had a lower dissolved oxygen content due to these pollution sources and
the warmer temperatures and slower currents which resulted in less re-aeration.
Paper mill wastes were the prime pollution source in the upper section of the
Oswegatchie River, while municipal, institutional, and dairy wastes provided
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the bulk of pollution in the lower reach, beginning around Gouverneur.
Chippewa Creek was also extensively polluted by a slaughterhouse and milk-
processing plant; however, natural turbulence over a rocky bottom dissipated
much of the pollution before it reached the St. Lawrence (NYS Dept. of Health . -

1963).

Eschner and Wicker (1972) compiled water quality data for two sites on the St.
Lawrence River -- Cape Vincent and Massena (Table 15). There were also sites
near the mouth of the Oswegatchie River in Ogdensburg and near the mouth of the
Grasse River in Massena. The data were compiled for a period from October,
1964, through September, 1967, and from October, 1967, through September, 1970.
There was little difference in data between Cape Vincent and Massena for either
time frame. At Cape Vincent, pH was 8.1 for both time frames, while at Massena
it was 8.0 and 7.8 for the two time periods, respectively. The pH was lower in
the tributaries -- 7.4 in the Oswegatchie River and 7.3 in the Grasse River.
Both tributaries were classified "C" (best usage fishing, and other uses
besides bathing and water supply), while the St. Lawrence was classified "A"
(best usage water supply used for drinking or food processing purposes) at both
sites. Coliform count was much higher in the tributaries (2,400/100 ml for the
Grasse River, 240/100 ml for the Oswegatchie River) than in the main River
(8.8/100 ml at Cape Vincent, 39/100 ml and 77/100 ml at Mausena) (see Table
19). Total alkalinity was twice as high in the St. Lawrence as in the
tributaries, while phosphates and nitrates were lower. In general, the St.
Lawrence had a higher water quality than its major tributaries but was
relatively unaffected by pollution from these tributaries due to their small
flow relative to the volume flowing through the St. Lawrence.

Present-"" -•

The water quality of the St. Lawrence River is high, except in the vicinity of
municipal and industrial discharges. The dissolved oxygen level is at or near
the saturation point. In general, the water quality in the main flow of the
St. Lawrence River closely reflects that of Lake Ontario. However, the water
quality in peripheral areas along the River, such as wetlands and bays, is
independent of that in the main flow during periods of ice cover and spring
thaw (i-awler, Matusky, and Skelly 1977; Young, DePinto, and Marshall 1979).

The general wator quality of the River has improved since the period when the
Seaway was corntructed. Some sources of pollution on the tributary streams,
such as pulp mills and iron mines, have closed down. Most villages now have
sewage treatment facilities, and most industries have at least partially
cleaned up their effluents (Tables 16 and 17). The Village of Gouverneur is
the last significant community in the New York State portion of the St.
Lawrence River drainage basin which has not constructed secondary wastewater
treatment. The Village now discharges raw wastes from about 4,000 people into
the Oswegatchie Aiver, creating an area of degraded water quality. The Village
is expected to start construction on a wastewater treatment plant in the near
future. Some major localized sources of pollution (such as heavy metals) are a
recent problem, especially in the Maitland, Ontario - Ogdensburg, New York
drea, due to the industrial development that occurred following the
availability of cheap hydropower.
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Table 15 Water quality data for the St. Lawrence River during
the post-Seaway time frame (1959-1968). All data is

1- -in parts per million (mg/l) except pH (pH scale) and
coliform count (#/100 ml). This data was collected
from 1964-1967!*

WATER QUALITY PARAMETERS

Sample location 0 :

CLL

Oswegatchie River 32.0 53 240 7.4 1.17 0.220
(Ogdensburg)*")-)

Cape Vincent 86°0 134 8.8 8.1 0.52 0.140

Massena 88.0 125 76.6 8.0 ... ...

Grasse River 41.0 64 2400 7.3 0.91 0.410
(Massena)

*Eschner and Wicker 1972 (Means for Entire Year)
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A variety of surveys have been conducted since the early 1970's to determineF various water quality parameters on the St. Lawrence River. Whereas earlier
studies tended to concentrate on the tributary streams and the watershed,
recent studies have focused on the main River. Mills, Smith, and Forney
(1978a) found that phosphorus is the primary nutrient controlling algal
production during the summer. Phosphorus concentrations were higher downriver
from the Ogdensburg-Prescott area; however, the relatively low standing crop of
ph-ytoplankton in this area indicates that retention time for the phosphorus is
low, due to the current velocities which are much greater than in upriver
areas. Thus, the available nutrients are not being converted to biomass.
Lawler, Matusky, and Skelly (1977) found that the highest phosporus values had

* been recorded downriver near Cornwall.

Nitrate and nitrite concentrations are higher in the winter than in the summer,
but Mills, Smith, and Forney (1978a) found very little variability from Cape
Vincent to Lake St. Lawrence (Tables 18 and 19). However, Lawler, Matusky, and
Skelly (1977) noted that while nitrogen levels vary only slightly throughout
the River, they are indicative of wastewater discharges; the maximum level
occurs near a waste discharge at Brockville, Ontario. The upper end of the
River between Kingston and Alexandria Bay shows nitrate variations with depth.
However, near Alexandria Bay the waters mix and nitrates are evenly
distributed. BUFO (1977) also found that the water chemistry in the Lake of
the Isles area is relatively homogeneous, due to the flushing and mixing action

* of the St. Lawrence River.

* Silicon, which is important to diatoms for cell wall formation, is highest in
the Lake St. Lawrence area due to water level controls and the suspension of
sand. other important elements include calcium, the dominant cation, and
chloride, an important anion (Mills, Smith, and Forney 1978a).

Although several water quality studies have been conucted on the St. Lawrence
River in the last ten years, there are relatively little data to compare. Few
sites were duplicated and different water quality parameters were chosen for
each study. The available data have been summarized in Table 19. The general
trends show pH levels ranging from 6.9 to 8.2, with most around 8.0 and 8.1.
The lower values are found in marshes. The dissolved oxygen level varies from
4.6 ppm (parts per million) to 14.6 ppm, with most values, except those in
marshes or small tributary streams, being around 14.4 ppm or 14.5 ppm. Most of
these dissolved oxygen samples were collected during winter; oxygen saturation
at 00 C is about 14.2 ppm. Most of the chemical elements show very little
variation in quantity from one portion of the River to another. Calcium values
ranged from 35 to 49 ppm. Chloride values varied fromt 3.0 to 35.0 ppm, but the
low values (below 30.0 ppm) were found in marshes and wetlands.

In summary, water quality parameters are fairly homogenous throughout the River
and are indicative of good water quality. The exceptions are localized. Water
quality has also not been drastically changed over time. Most of the changes
that did occur are as a result of sewage treatment and other pollution
controls.
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Table 18. Comparison of water quality data for two areas of the St.
Lawrence River from 1953 through 1978. All data is in
parts per million (mg/l) except pH (pH scale).

Water quality Ogdensburg/Prescott Cape Vincent
parameters 1953a 1978Z 1964-19674 1967-19704 1978z

Alkalinity 97.0 55.0 86.0 90.0 58.0

as CaC03

pH 8.3 8.1 8.1 8.1 7.8-8.0

Chloride 22.0 31.1 . .. .. .

Iron 0.030 0.006

Calcium 40 42

Magnesium 9.2 8.4

Nitrite 0.003 0.002 . .. ...

Nitrate 0.05 0.35 0.52 0.40 0.35

Total phosphorus 0.120 0.019 0.140 0.100 0.021

Sulfate 21.6 9.2 . .. .. .

'Academy of Natural Sciences of Philadelphia 1953 (230 C Water Temperature)
2Mills, Smith, and Forney 1978d. (Winter Samples)

3Eschner and Wicker 1972 (Means for Entire Year)
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contaminants

Pre-Seaway

Very few studies were conducted on pollution and contaminants prior to Seaway-
construction. The most serious causes of pollution were municipal sewage and
paper mill wastes. Most of the pollution was localized and was rapidly diluted
downriver. All of the major towns along the St. Lawrence dumped raw sewage
into the River. Most of the major tributary streams, such as the Oswegatchie,
Grasse, and Raquette Rivers, were heavily polluted by paper mill wastes, mine
drainage, and/or municipal sewage. The Grasse River contained a great amount
of soda pulp (State of New York Conservation Dept. 1931).

* No studies have been found that dealt with the role of contaminants in the food
web. The studies that were conducted just identified pollution sources.

Post-Se!aa

Some work with contaminants was done in the 1960's. The principle sources of
contaminants in the St. Lawrence River were identified as the Grasse,
Oswegatchie, and Raquette Rivers in New York, and industries located along the
Canadian shore. Another source of contaminants was the outflow from Lake

PL Ontario (Table 20). Mercury contamination was found in some fish species, and
pesticides were observed in the food chain beginning in 1962. Bacterial

* pollution was found to be relatively local in nature, with a progressive
downstream increase in coliform densities from less than 5 per hundred
milliliters to greater than 1,000 per hundred milliliters (international Joint
commission 1970).

* While eutrojiiication reduced the dissolved oxygen concentration and caused an
* increase in algal growth in Lake Ontario, different effects were found in the

St. Lawrence River. The dissolved oxygen remained at or near saturation levels
due to the turbulence of the River. Although growth of green algae was not
great, profuse growths of aquatic vegetation were prevalent in the Thousand
Islands area (International Joint Commission 1970).

A potential environmental problem can be caused by accidental spills. The
7~nerntioalJoint Commission (1970) listed several cargoes that were carried

* by commercial vessels on the St. Lawrence that could pose environmental
problem. Among these cargoes were petroleum products, organic and inorganic
chemicals, sulphuric acid, glycol, fertilizers, and dyestuffs.

Present

*While a lot of studies have been conducted on contaminants in the Great Lakes
in recent years, little work has been done on the St. Lawrence River itself.
Some work was done for the Winter Navigation Demonstration Program from 1976

* through 1978, and some work was done following the oil spill in 1976.

66



* Table 20 .Wastes discharged to Lake Ontario and the St. Lawrence River during the
l96O'st

(MILLIONS OF POUNDS PER YEAR)

Total Suspended BOD Total Total
-Source Solids Solids Nitrogen Phosphorus Chlorides

TO LAKE ONTARIO

*Niagara River 85,600 10,060 + 191 15 10,400

New York State 11,106 1,692 173 44 5 2,456

Province of Ontario 8,319 985 236 88 7 870

TOTALS 105,025 12,737 + 323 27 13,726

TO INTERNATIONAL SECTION OF THE ST. LAWRENCE RIVER

New York State 1,161 281 42 7 1 42

Province of Ontario 689 57 105 12 1 100

TOTALS 1,850 338 147 19 2 142

+ Not determined

*International Joint Conmiission, 1970
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The water quality of the St. Lawrence River is rated as Class A. This category
includes waters that are suitable for drinking, culinary or food processing
purposes, and other uses. Air quality is also good, with most of the area
classified as Level I, except the corporate limits of Ogdensburg and Massena,
which are Level 11, and a section of Massena that is Level III. Level I (as -

defined by the New York State air quality classification system), includes
areas whose predominant uses are timber, agricultural crops, dairy farming, and
recreation. Human habitat and industry are usually sparse. Level I1 areas are
predominantly occupied by single and two-famnily residences and small farms with
limited commercial services and industrial development. Level III areas are
densely populated, with primarily commercial and office buildings, department
stores, and light industries in small and medium metropolitan complexes, or
suburban areas of limited commercial and industrial development near large
metropolitan complexes (U.S. Army Corps of Engineers 1982).

Studies by Scrudato (1978) in the Ogdensburg area revealed a variety of
contaminants in the sediments. The Ogdensburg Harbor sediments contained oil,
grease, chromium, lead, nickel, zinc, and measurable quantities of mercury.
The latter probably came from the Oswegatchie River, which is known to have a
high mercury content. Chimney Bay sediments contained the same contaminants,
but no zinc was present; copper was also detected at this site. Blue Church

* . Bay, on the Canadian side of the River, was heavily polluted with mercury.
Measurable quantities of PCB's and mirex were found at all sites. Select
samples contained appreciable amounts of cyanide, but these levels were below
the "dangerous" classification under EPA criteria.

* . In June, 1976, a major oil spill occurred on the St. Lawrence River.
Approximately 308,000 gallons of oil were spilled. Heavy losses of fish,
frogs, turtles, ducks, geese, herons, and muskrats occurred. Clean-up crews
were successful in saving some wildlife, especially the great blue herons.
According to studies conducted following the spill, the River was able to
recover in a couple of years from this pollution (Alexander, Longabucco, and
Phillips 1978, 1981).

I bxic pollutants may be a localized problem in some areas of the St. Lawrence
River (Table 17). For example, a problem area known to the New York State
Department of Environmental Conservation (NYSDEC) is in the vicinity of the
General Motors and Reynolds Metals plants, downstream of the confluence with
the Grasse River. Both General Motors and Reynolds Metals may have had
historic PCB discharges to the River. Also, non-point source PCB discharges
may exist. The present point source discharges are controlled to less than 2
mg/l maximum and 1 mg/l average by their NYSDEC discharge permits.

A number of studies have also indicated that detectable levels of PCB's existin the Grasse River sediments downstream of Massena Village. A suspected

source of the PRB's is historic process water discharges from the ALCOA plant.
The current wastewater discharges from the plant are believed not to contain
PCB's at significant levels and there is now no known significant continuing
PCB discharge (NYSLOC personal communication).
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K On the Ontario side, a fish sample of northern pike captured near Maitland
(summer 1983) showed significant spinal deformity in approximately 50 percent
of the fish. Laboratory results have not been received to identify the cause.
However, heavy metal contamination is suspected.

In general, the St. Lawrence River is relatively unpolluted, but some chemical
contaminants exist in the food chain and in the sediments. Further studies areneeded to determine the full extent of contamination.

Habitat Ccuposition

General

Habitats were mapped for three time frames through the use of aerial photos.
Black-and-white photos from August, 1941, supplemented by black-and-white
photos from May, 1955, were used for the pre-Seaway time frame (Table 3). The
habitats during the post-Seaway time frame were mapped from black-and-white
photos flown in May, 1959, and June, 1962. The habitats for the present time
frame were mapped from color photos flown in April, 1979.

The habitat mapping effort covered the entire United States' portion of the St.
Lawrence River during all three time frames, but coverage did not extend very
far inland; the purpose of the study was to map the immediate shoreline and
those areas affected by water level fluctuations, including those caused by the
formation of Lake St. Lawrence and the dredging that was done for the Seaway
and power project. Coverage of tributaries generally extended to the limits of
influence of river water levels, which is approximately the 250-foot contour
line from Iroquois Dam upriver. In some cases, mapping of tributaries was
terminated at the first dam or at a bridge crossing or some othx landmark that
could be readily discerned an all three sets of photos. Therefore, the acreage
of various wetland types mapped does not necessarily represent the exact total
acreage found along the River; rather, it presents a figure that accounts for
most of the acreage influenced by the River's water levels, and provides a
basis of comparison of relative abundance between time periods.

Pre-Seaway

During the pre-Seaway period (1941-1955), approximately 2,112 acres of emergent
wetlands were found along the River; 812 of these were located on islands
(Table 21). Broad-leaved deciduous forest wetlands and broad-leaved
scrub/shrub wetlands were difficult to distinguish on the black-and-white
aerial photos; however, 101 acres of scrub/shrub wetlands were mapped. The
rooted vascular/floating-leaved zone, located between the emergent wetlands and
the shallow littoral zone, contributed 328 acres along the mainland, and an
additional 286 acres around the islands. The total wetland acreage was 2,835,
of which 1,684 acres were located on the mainland, the rest being found on
islands. Shallow shoals (areas less than 6 feet deep surrounded by deep shoals
or deepwater) occupied 296 acres, while deep shoals (areas 6 to 18 feet deep
surrounded by water greater than 18 feet deep) occupied approximately 631
acres, for a total shoal acreage of around 927.
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Littoral areas were extensive; roughly 8,098 acres of deep littoral (6 to 18
feet deep) and 7,864 acres of shallow littoral (less than 6 feet deep) zone
were present along the mainland (Table 21). Around islands, about 5,749 acres
of shallow littoral and 5,889 acres of deep littoral area were present. The
rest of the River habitat consisted of over 37,000 acres of deep water (over 18 ~
feet) and over 24.000 acres of island Lpland, along with very small amounts of
habitat consisting of streambed, breakwaters and dams.

The Thousand Islands region had significant quantities of shallow and deep
littoral zones. Just under 8,800 acres of shallow littoral were present, while
almost 9, 800 acres of deep littoral existed (Table 22; Fig. 4). Of the 2, 100
acres of emergent wetland found along the River, over 1,700 acres were located
in the Thousand .Lslands area. In addition, most of the rooted
vascular/floating-leaved acreage found along the River was located in this
area. Also, about two-thirds of the shoal acreage was found in this segment of
the River.

The Thousand Islands area during this time period was more lake-like (effect
from Lake Ontario) than the rest of the River, with many large bays and
quiescent areas. Four of these large areas were Eel Bay, Lake of the Isles,
Goose Bay, and Chippewa Bay. .

The middle section of the River extended from Morristown downriver to Point
Rockaway, the present site of Iroquois Dam. This area was fairly straight and
relatively unbroken by islands and bays (Fig. 5). Only 43 acres of emergent
vegetation were present in this section, and only 20 acres of rooted
vascular/ floating- leaved zone were identified (Table 23). Shoals were

* relatively scarce, consisting of 129 acres of shallow shoals and 88 acres of
deep shoals. There were 667 acres of shallow littoral zone around islands, but-
no~ deep littoral zone. Along the mainland, 1,706 acres of deep littoral zone -

were present, along with 949 acres of sh-allow littoral. Deep water accounted
for 5,143 acres.

The lower section of the River extended from Point Rockaway to the
International Border (Fig. 6). This area was narrow and fast-f lowing, with
many large islands. Shoals occupied 110 acres of river; shallow shoals
accounted for only 5 acres of this total (Table 24). There were over 3,200
acres of shallow littoral zone, and over 2,500 acres of deep littoral zone;
most of this acreage was located along the mainland. Approximately 354 acres
of emergent wetlands were present, most of this along the tributary streams.
Twenty-f ive acres of forested wetlands and 24 acres of rooted
vascular/ floating-leaved vegetation were identified and mapped.

In summary, most of the wetlands and shoals, and the majority of the shallow
and deep littoral areas, were located in the Thousand islands region. Miost of
the remainder were found in the lower section. The Thousand Islands area had
over five times as much deep water acreage as the middle section, and almost
nine times as much as the lower section. Island acreage was similar in the
Thousand islands and lower sections, although there was much greater
interspersion between islands and water in the Thusand Islands section. The
middle section had very little island acreage. The Thousand Islands section
had the greatest diversity of habitats, followed by the lower River section,
with the least diversity in the middle section.

72



rn1- u H 0 I 0 C1 HH H 04 4C H -H 00
1 1 14 1 T I + 1 0 4 e

43C4 4) + -4 Ln + -

1)- 04

(a14 +
Ln'

Lnu

-TC 60$
ca-4 C

X 0~
0 1'

14Cfl a4

34wLA 0 0% 0 'T -4 '.0 CO'.DOin 0 ON 0 4 N
04CLLAW 4) 1 I ... .I *

0 0% U 1 0 C %0C '.0 IOLANVOC 0 Cl) I Ln I 0 *.
44) (n $4 1 00 0 1 0 C1 o 0+ +0 0 Oa' 1 -4 1 r, cn
u. I'- I 1 4 I I -4 -4 -4
0 41 4) o I I IS

w w 04 t

(ncd wi 0D %0 cn %D Ln L)r-.C .-4 .n-4 Oa' 00 m
FZ4 1 Q I -. I ' TO- LA I u0I 1 l In 0 1 -4 Ln

41 CL 4J1. I4 C I MC I IC'N.-4 I I -4 1 C14 en

V) 0) to +
00 0

'.4-4 0. U)

4J 0- -

"a41 4 r.a bo O r-. C 0 00 %-0 -. a% C m. 4 CA -4 M c 0 Ln
4Cu a) 0aC ONcc-4 cn Ln LA'0 -4 ON -

0a41 U

*.0 a% t 0

.L41r Cua tdON0 0 LAi 0 IT 0 ON 0 0 (700 0 C1 0 a% 0 LA '.
14 a% 0- cu 4W NLA "- NI -4 LA r-

0>'- I a4 a.

4.1 LA u

0 1440 r .'-

141 cc

14 -xl 3a% 0 0 LA '. r-s'%0 -11 C OLne'C4.0C M 4 en 0 00 Cl( LA
010 ca-'c Tc O C) LA - N 0e- e

00 d 4 .1 4) a% a. nV)C4fl 1

m 0' 4

W A 4 p.-4
4J 14.0 0'-

440 a

WJL $4 I .0 I
U)3 a' .0 41 O 0

cc0- - 0 to Ci) 0) 0 w . co
cc) 04 -4 41 :3 uf 1. 00 .

cc -04 41 14co ~45
W 41>' 0) U) a 4 Cu Cu IV 0V)14 C

* 0041C/3 $4 4) . U 0A C: 4 W r. U 0 C: 1
cc 4)1 0 M 0 4) cc 4 to Cu 4) w0 V U) U) ca C

.0)C 00 - 1 4 r- 140.0 - 30 r-4 w cc 1. '4 -4
04.5 41"a 0 41: C 411 4.o Vs " Ha '4r4 4 A

-HJc 04 0 ; 44 4 Cu V- 04U W 14 0)4 ) 4 1§
>0 0: w r. 4 0 Cuw > 0l >4 C C 4)u~ Cu m
cc.04.m r. V- 14 46H 0 0. "a' H 1 0 14

1..0)0 ~ Cu> 41 Au -Li3 0 .41 >
44 m0 '44 0 d 0 ) 4 Ht 4 14 -41W4 M44.0 0 C:C d (

41E40 Cu -U) "). 0 001 1 -4 Cu4
"0 Cu C'1'0 Cu" A IG4 *f-4 I H4J bo 6W toC Hl

0 00 H0 4 0 ;j4 rv -54 .5 d0ed0 P 414.J41a) 41J4I Q)

044 lc 1 00) 410H4.3 14 C 0 0 4'.4 0 tUU)M 10-4J
z- w11 w 0O 0 0 4-A 4)1 wC 14 w a) M 0 0%

[-4u cno

73



14r% %A'0- It1 04 0n !'.4 -r

1 1 14 11 + - + I z I

00% -
P4 -4+

P4 4) ( -T Qo0% 1f C14 0l '.0 %D'j e
*w 41 C1 0 n0% ONcn0 -40 I I

41414 I+ CJ + ++ - - C.

-- ~~~ 0.C I +I

14

041

C.,

0 4

$4 W W .CO) 94 04C-40-4 0 l C4O
tj )- 1.. 4 r-I, %0 0 ~ c') +*' I1 00

I'414 +I- 11 4 , If I I
41 0.

0 4
04

4-51 .D -- 004 0%0 I-. C11 %DI

000 + ( n0 nr TL
4

04 44

0-..m '.40 ~ 0 00 .-4 %%C~'0cc 0%1 Ocor %%0'~ W* r-0 -.
a) -4 ( c'scn '.0 s-. V- r -tI, LF

En 'n u- %0 .- ' -% 00 TL

-a0 4 C'J
0 0

Ln' 01 4
3t m00 r in 00'00 c 4 Ch0 ON 1-4 0014'O.-4
c 4 c1 4 C*~A4 M - %0 IT~ kVs0%-41

c.iA LA' D '- 4 0; 41-
14 % -H4h

*41

r4

04
14J 414 4.10

411% %-4 -H

00 0.

0 4
VI -4 V40

41 0 o cc014)

c: 1o0 4 - -4 044 a

* 0 41'0Aj A 0 m
U t 41 V 41 9

u r' -4 1c 41( to04 uA
10 >. V4 04 . ad 41 0.0w44 0

*l 0 V0 00 -A-4* 001'I 0
N 4 .r4 too 4.0 4141 14 4.1 4 .- 6 4 10

14~$ P. 4- m ..- l.1,41 %41.
0 t ~4 P 4 . 4114 044. I-.- c w4

r444 . Q 410 0' 0 4 0.0 4r11
CA1 E-' 0 4 041 F4 Q4 f E -40

14041 W
-4UL ~ I' 0(li- 4111

* 74



(a Cr-. 0 00 LA 0S- eq0 %D Ln r 0

0U fn 54 QA H C;52 - H 4
CU I140 + 0 (n 0 +I 1 %0 1 I -40

1a en '-4 + enI+C
0- %D 04 + I +

* -4 C4

* 4.50 041
140

14 )n'1 .0 .-4C 0% %D %0 . 4 4 QU -T C 4%
++ +1 + +-4+-I + + +- +

OLn 4 0)114I II

14 .0

14U) '.0

c* I jbl* al* O a, kI

4 ~ 0 LeA0 LAO 0 U00 0 00 LA n

4 ) 01 (A u H CO C4 I- C1 HI C4.- C4
U - U)4 W LAO as 0 %D .. 4-4 LA C'4 LA
r-. 1 -0 w I I I + 1 +

*f 01.-1

0 0
$4 En 00) y 0 (7 -C o0 1 n

IX + C'1-4 Cn I+O0cn-4 II " CAC'+

000 J)wl I I I I I I+ +

.0 .0
IL44 >% C

o 00

-I 00 -40 cn .-4 0 .0 14.. -4 -4 ON LA C'Ir C
(A14 0) ON c C14 i 11 -LA 0% Ln r.

(I 0)6) 14-4

4

4.4 0 to C1

to 0%00 0 1 0' 0C14 -4 0'.00 00 00 I--0M 4 0 C14
a4104)-4 cU CJ C14 It4%0 -4 0LA0 O (14

0 41 01 0) cCA ne CA-4 .
P.I ON 14s

10 41 LA Q

V4 0Z
411-

001)

o141 to LA0
2t 7%00 00 CAO 0 01mC 0.0 00 r-O 07% cn

10. cc0 -ot4 1%r D L
41 10 En LA

4. 0.u

14 :3 4
000

44 "4 .-H

00 >01 b

0j or0--4 4
CU04 41 cct

O 4 S) 0 414 44.1 04c
004.1'-4 0 41 rC

004.D0 14U01 to w ccc-a 4 toJ M -4c
CU (p 0- r04 0 1 4 P . CU 4 0 0 CU4 004

0 44.1 4 41J CU 0 A-eC (dJ 41S 41 cc
o )4j 14 0 4j11 0.

r40 0 0o "

CU 0 cU 9 Vr r0. 4 4 J1 4) T4 $-4 h- 4

CA -4 tor-4CU a) X 14 -H CO54 HH~ 4 14
14 V> 41 r- 01 O 4 0 0

604 0 0 toI *C.- . bo -4 r-4 0o 0.0
PO 1U "01 4 410 cc ~0r 0.0 cc w4 to 0.

0- 044 0 30 -4 4J v4 W d C 4 041 CUd -0) 4
.00 co4.1.0 01 w0 .00

0~~o pa E -4 ch 0.4 CE4 U) ~ 14

75



0 +.
4 0 0 * *
0~4 a%-4 ~ ~ 4t

01. 0 A + l

4 co0 ItC4 + - n-

0

+ I

0o

to0

40

0 ~ ~ lc 0% e4~l~L'

to %n 10 -r O0 0

P4 0

1. 00

000
1..%~ L %st''.

10 UI 1 00 In fnm r--WA
000 t IC4 % -C40 -

00 4 +
04-0

0 0

41 0
00%0 -- t ~ -4

0"4 w5 Cd

-H 4

00

.4 04 10- 0
v0% 0 at goC' N t

cc-404w 0 -4 'O

I01. 30 24w D"4c
41U 4J '0 -4r

0)% 0. 4

P4 IM W 0
4)

04 C
1.4

0 tf'% 07 0



0 ~~~ ~- '4 0- .IC

1 I1' 0 0% mco 0 0 m~ cn 1.-
I 4.8 'I4 1 4 ICJ4 -4 + + +

w r~" 0% 1- 0 (14 -4 -40% nLA r

.3 CA 0 641 'D 0 C14 C14 NT -4 1% +c 04r'. -.4 0 co

14 OOWC + + I + +

.0 0

-A 0 '00co0Da%0
W4n 0%

H)mu14 C 1 C H C; H- AH H H C4 .C*
Ln 04C1

1 4 % + C4I + .- 4 1 Ln .4
4 4+ + ++

41 w (A w P.,
064J 00

41 $ WCA ws 0n Cr- 0 -4 (n en 0 r, (nI 0( C-I Ln
1. 4 1 4) m 0 + M' -4 00 +I-( I ITgoc

L.4 4 + I 4 + + .-4 %''T +
(f418 46 MI + + la;.4 ('4 o

.0'.V4 04+

C- 0
44 (A 0%
0 0 r-

9: 00 C1('4 ON %D r- 0 0 0 T as LA Cc-( n 0n
'44 8 ( 487%4 idn 0 0 NT C4 -:r C4-4~i 0 0e

>r- 4 .4 -4 -4 C'I '. ' -4 .- 4

1 W1
480
0) 04

4.1 0 480%00 04 in 0 c)r- C14 -4 0 ( 0 -4 0% in 0 cn
'-.4 cc-(n r- -1 .4 1-. 0% '0-t -4

44W (nI4 en .0%O

048- I04Ww 0%

0. LA toLM 4

4 1 -4 to- dr 4GIt n

Oin 4 1 4) n8

r484 184 IT u4 C4 IN

(D- Wi a0 4

*.0 9: A4'

444J 03 48

0) 0 CL 4
co V00 4) 00 $4

0 . Aj A! 4.1 4 1 W4 V C
-n0 M2 w w 4o 0 148 48 0 W)

0 tm - j U 0 0 b0.-4 Ai.4

co 48H 4c 4.8 00 -H HlV
000- ~ 40 A 00 48 m V48t c 0 4800
4o :-4 0 V to w 480884 t U 0U 48 w eU 040
4 a,-.t 00 H- w to P-4 4 9,4 '-4,-l 0. 0 f-4 0 fH
$4 W0 % 48 A *41 0 -4 1 -1l 4J14448 0 4J CO A
U $4 4 4.1 48484 4.4J8 4U 48-)H 4JW a4 488

cH- >4> 4 3 DI48 (A )Iw 48 -,0 14
to 48 to0W Dt .0 - -44 8 A8 481

-4 to-4 480.0: 0 .0 480:: 4 oI 40 4c -
1- 0a4.r 40I-44 0 00 )H 02.

0 404J '0 14 0 4 4 > 8t 4 M4 H48 48 41
48 0  W 4:* 021 'Pi0 C 41 0"05 OC n- 0 0.1lotv-

4) 0 4- 00 0rl 0904 0 )
48 w~ 0 1

.0 go m 1- cowma t

77V



0r- lO - .4C0%000000 00 0 00 OD0%

1 1 14 'LO 0 -4 1 11+ 'T C14 LM0 -4+I++
-W 140 1 -4 -4 1 Icn0% -4 +
w)o. ID 0 + C;I
00%

0

0~$4
w09 0)

-44

00

~9%-4

39L 9 4 0 co 0en 0 ~-4 OD -. un 0% inO o 0 . H0 -
000 C)H C A 1-44 0 IC4 06LA 9 C0--.C4 %D1OC .94

In.-4 w. I %D r-. -4 0 1 M IA I %Do Z %D 0 r- OD r'-- U
4) -4 C*. C14 1b -4 T + (%4 -4 -4 C - U) c

0 4+ + + + ++ + + + ++.+ 0
1.4 -4 +.

00
$4 Cn rf I%'A f CA 0 C' (n co0 0ULn0C V -4 L -* -4u Hn -

raw I 0 I ()00 cn It cAi i uL LA Cn -4CAD e 0%O0%f Ch , -4
-41. I + + 0'l %0 I 'Cn C4 + + -4 7% +C- 0n%* c

0U0 I+ + 1 + + + +
w004 Ln "4

1.. + + +
A0

93 to t. -4O 0 %0 oC'IiA%ouL 0 CJ4 0 %D0% 'LflO *-0
0 %A c C14 0% CJ C'4-44 -40%O'O- %C ~ t0t- 0
cc rG 4)c 0 0 r- CV)C4 C4 0% CV) 'LA 00

00 14 a *-4140 .

0~~~~4 Z4A L t 0004C

0-4

cof 07 b0. n L T 000 4 ) 4r 7 DL~0 %C400 1 -tO 4 C10 m'- -4 00Js en 'Oi A 0 %
0W 40 d) -I C-4 CA '0 0D LAC ODJ 0q - -4 qI

00%
0

0.'H

I) 1 00- 0 Nc e 4
W -4 W

67. 41) 4.1 0
1.4 w 0 0 0r 0

* U U 0 0to
0 03 60 L)H 0

44!UH 0H I0I.1
v U-S 0. 4

O 41 4u4100.1 0 r 4.1 ~ 0 0 0 0. 0(A-4
0 (A0U 0- to C: 4 .. HO eJ
C.) U) ~ 4 H 44. E-4 1 4 0 410U 0~ 4.44 1 A0W 04.1 4. 0 . U1 41 00 0

* ~ P W.0. 04 to0~ w- W ~ 00 0.0
00. 0. 0 0.1 m$40 w.- 0. E4)

0 D 0r 14 -('3 00 0 41- 0c w 00 ) O H1 4100d
0 C.0U 4.1 U.' 00H 0$d 4 M 04)4 a

cc 0 21 ) 0 0 4J q .0 I 00 0I 001 IC 04
0 *41r (D 41 0- 41 .00 a 4 >U I- 01004 4)c
0 0. 93 .0 0 0o21V .Wa)1 0w r

-H w w A.. . . . . . . . . . . . . . . . . . . .. P 4-. 4C. SO.E-
. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . .. . . . . . . . . . . . . . . . . . . .



After construction of the Moses-Saunders Dam, Lake St. Lawrence was formed in
___ the lower section of the River, and many islands, shoals, and upland areas were

flooded. other shoals and islands were created by this flooding (Figs. 4, 5,
and 6). During the period (1959-1962) immediately following the flooding and
the subsequent opening of the River to deep draft navigation, the habitats of
the internationial section of the River could be classified into two categories

-riverine and lacustrine. Lacustrine habitats were found in the impounded
segment of the River - the area between Iroquois Dam and Moses-Saunders Dam.
The remainder of the habitats could be classified as riverine. The wetlands in
both sections were classified as palustrine according to National Wetlands
Inventory guidelines.

Approximately 1,473 acres of wetlands were present on the mainland, while 1,040
acres were found on islands (Table 21). The majority of this acreage was
emergent wetlands, with about 1,317 acres found on the mainland and 840 acres
found on the islands. The remaining wetlands were mostly of the rooted%
vascular/ float ing-leaved variety. Forested wetlands were difficult to
distinguish on the black-and-white aerial photos. Some forested wetlands may
have been included with the emergent wetlands.

The total shoal acreage was 1,279, of which 974 acres were deep shoals (6-18
* feet deep) (Table 31). There were slightly more deep shoals in the riverine

section than in the lacustrine section -- 530 acres and 444 acres,
respectively. Shallow shoals (less than 6 feet) were predominantly found in
the riverine section where 242 acres were present, compared to only 63 acres in
the lacustrine section.

Shallow (less than 6 feet) and deep (6-18 feet) littoral areas were more
prevalent in the riverine sections than in the lacustrine sections. A total of
10,660 acres of shallow littoral zone was present along the mainland, with

* nearly 60 percent of the total being found in the riverine sections (Table 21).
The mainland deep littoral zone totalled 7,377 acres, of which only 1,408 were
found in the lacustrine sections. A similar pattern held true around islands,
where about 7,655 acres of shallow littoral zone existed, along with 6,935
acres of deep littoral zone. only 1,766 acres and 1,635 acres of shallow and
deep island littoral zone, respectively, were found in the lacustrine reaches.

There were 23,890 acres of island upland, and over 44,400 acres of deep water
(greater than 18 feet deep) (Table 21). Nearly 82 percent of the deep water

z~was found in the riverine section, with most of the lacustrine deep water
being found in Lake St. Lawrence.

The remaining acreage in the River was divided among streambeds, palustrine
ope water areas, and breakwaters and dams, the latter accounting for 55 acres
(Table 21).

The Thousand Islands region, which was classified as riverine, had vast
acreages of deep water, totalling nearly 29,000 acres (Table 22; Fig. 4).
Shallow and deep littoral zones were also found in significant quantities.
Over 10,100 acres of shallow littoral zoewere present, about evenly divide
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betwieen mainland and islands. The deep littoral zone was also evenly divided
between islands and mainlands, with a total of nearly 9, 100 acres. These
figures rc-Lesent over half of the deepwater and shallow littoral zones of the
River, and nearly two-thirds of the deep littoral zone identified for this time
period.

Nearly half of the deep shoals along the River were found in the Thousand
Islands area (416 out of 974 acres) (Tables 21 and 22; Fig. 4). Approximately
one-third of the shallow shoals (95 out of 305 acres) were also found in this
area. Emergent wetlands were relatively abundant, with over 1,500 acres
present, compared to only 614 acres on the rest of the River. Forested
wetlands were scarce in this area; only 7 of the 59 acres mapped along the
River during this time frame were found here. Over 100 acres of rooted
vascular/ floating-leaved vegetation were plotted, which is approximately half
of the identified total on the River.

The middle segment of the River was characterized by long, straight stretches
* relatively unbroken by islands and bays. This section was also classified as

* riverine (Fig. 5). onily 20 acres of emergent vegetation were found here, along
with 2 acres of forested wetlands and 2 acres of rooted vascular/floating-

* leaved vegetation (Table 23). over 73 percent of the 1, 147 acres of shallow
* littoral zone was located along the mainland, while nearly 90 percent of the

1,527 acres of deep littoral zone was located along the mainland.

Deep shoals were scarce in the middle section of the River, accounting for only
* 62 acres (Table 23). This compares to 141 acres of shallow shoals, which was

nearly half the total in the River. Deep water areas were relatively scarce,
with only 6,207 acres being mapped (less than 14 percent of the total for the
River). Island upland was also scarce in this section, where Galop Island was -

the only major island.-

*The entire lacustrine portion of the River was located in the lower section,
*which extended fromn Iroquois Dam to the International Border. The small

section between Moses-Saunders Dam and the International Border was classified
as riverine (Fig. 6). The deep water zone was extensive, covering nearly half
of the open water area. However, the 9,251 acres of deep water equalled only

* one-third of the total found in the Thousand Islands area, even though the
river mileage is half that found in the Thousand Islands (Tables 22 and 24).

* Deep shoals were common in the lower section of the River, totalling nearly
500 acres. -~ ly 69 acres of shallow shoals were present (Table 24). Shallow
littoral zones along the mainland were similar in size to those found in the

* Thousand Islands (4,991 acres and 4,829 acres, respectively). However, the
shallow littoral areas around islands and the deep littoral areas, both
mainland and island, were far less abundant in the lower section than in the

* - Thousand islands area. There were 2, 018 acres of shallow littoral island,
1,669 acres of deep littoral mainland, and 2,020 acres of deep littoral island.

* This compares with over 9, 000 acres of deep littoral zone in the Thousand
* Islands area.
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Nearly 600 acres of emergent wetland were present; this is slightly less per
river mile than in the Thousand Islands area, which had over 1,500 acres of

___ emergent wetland but was less than twice the river length of the lower section
(Tables 22 and 24). Most of the forested wetland mapped during this time frame
was found in the lower section of the River (50 of the 59 acres).
Approximately half (87 out of 194 acres) of the rooted vascular/ floating-leaved
vegetation was found in this section.

In summary, vast differences can be seen in the habitat types found in various
sections of the River immediately after the construction of the Seaway and
Power Project. The wetlands were fairly evenly divided (based on river miles)
between the Thousand Islands and the lower section of the River, with few being
found in the middle section. Shallow Littoral areas were most extensive in the
Thousand Islands area, and relatively scarce in the middle section. Deep
littoral areas were more prevalent in the middle section than were shallow
littoral areas. However, the Thousand Islands had significantly more deep
Littoral zone. Deep water was most extensive in the Thousand Islands, while
the other two areas had similar totals relative to their river mileage.
Shallow shoals were most common in the middle section, while deep shoals were
much more prevalent in the other two areas. In general, the greatest diversity
of habitats was found in the Thousand Islands, although Lake St. Lawrence was-
more diverse than the middle section.

Present

Under present conditions, the St. Lawrence River habitats can be classified-
into both riverine and lacustrine categories. The lacustrine area encompasses
the impounded river segment between Iroquois Dam and Moses-Saunders Dam, while
the rest of the River is classified as riverine. The wetland habitats
throughout the River can be classified as palustrine.

The total wetland acreage along the River is 2,771 (Table 21; Figs. 4, 5, and
6). This can be broken down into 1,629 acres on the mainland and 1,142 acres
on islands. The vast majority of this acreage is in the form of emergent
wetlands -- 1,197 acres on the mainland and 803 acres on islands. On the
mainland, 179 acres of broad-leaved deciduous forest wetlands are present,
along with 117 acres of broad-leaved scrub/shrub wetlands and 109 acres of
mixed forest and scrub/shrub wetlands. On islands, the totals are 116, 192,
and 28, respectively. The rooted vascular/ floating-leaved zone could not be
detected on the aerial photos because they were taken in early spring - before
growth. Figure 9.5 shows the major wetlands located along the International
section of the St. Lawrence River.

Deep littoral areas (6-18 feet deep) along the mainland are found throughout
the River, with the majority located in the riverine section (5,948 out of
7,361 acres) (Table 21). The shallow Littoral areas (6 feet deep or less)
along the mainland are more evenly distributed between riverine and lacustrine,
with 6,109 acres in the riverine section and 4,416 in the lacustrine section.
Around islands, most of the Littoral zone is in the riverine sections, with
5,381 acres of deep littoral and 5,854 acres of shallow Littoral. In the

j0.~ lacustrine section, the total acreages are 1,624 and 1,766, respectively.
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There are over 44,400 acres of deep water (greater than 18 feet deep) present
in the River, of which over 36,500 are found in the riverine sections (Table

___" 21). Shoals are fairly evenly distributed, with 762 riverine acres and 520
lacustrine acres. The majority of this acreage is in the form of deep shoals
(6-18 feet deep), with 520 riverine acres and 460 lacustrine acres. The
majority of the shallow shoal (less than 6 feet) acreage (80 percent) is in the
riverine section.

Island upland acreage totals 23,756. This is fairly evenly divided between the
riverine and lacustrine areas. The remainder of the River acreage is in the
form of streambeds, mudflats, palustrine open water, and breakwaters and dams.
The total acreage of these four categories is only 177 of which 59 is streambed
and 59 is breakwaters and dams.

The Thousand lslands Region is classified as riverine because it is not
impounded. The River in this area has many islands, bays, and quiescent areas
(Fig. 4). Much of the deepwater acreage in the River is found in this section
(28,771 acres of the 44,437 acre total) (Tables 21 and 22). Deep shoals are
also extensive in this area, with 416 of the 980 acres being found here.
Shallow shoals are relatively scarce, occupying only 93 acres, compared to 209
acres for the rest of the River. The total shoal acreage is less than half
that for the River as a whole, although this region encompasses almost half of
the International section of the River.

This region has over 9, 100 acres of deep littoral area, about evenly divided
between island and mainland (Table 22). This represents well over half (63.8
percent) the deep littoral area on the River. There are over 10,000 acres of
shallow littoral area, with slightly more than half located around islands.
These figures represent over 56 percent of the shallow littoral zone in the
River, and nearly 70 percent of the island shallow littoral zone.

Wetlands are relatively common in the Thousand Islands region. Over 1,600
acres of emergent vegetation are present, with 57 percent located on the
mainland (Table 22; Fig. 4). This represents the majority of the emergent
vegetation on the River. Forested wetlands occupy 130 acres, mostly on
islands.

The middle section of the River is also classified as riverine. It is fairly
straight and relatively unbroken by islands, shoals, and bays (Fig. 5). Galop
Island is the only major island in this section. Deep water occupies two-
thirds of the open-water area in this section, and encompasses 6,319 acres
(Table 23). Most of the remaining open-water area is evenly divided between
shallow and deep littoral. Shallow littoral occupies 846 acres along the
mainland and 299 acres around islands; deep littoral occupies 1,351 acres along
the mainland and 155 acres around islands. Shallow shoals are relatively
abundant, with 143 acres in this 26-mile stretch of river. Deep shoals occupy
only 59 acres.

Wetlands are scarce in this section of the River, with 22 acres (only one acre
on islands) of emergent vegetation and 12 acres of forested wetlands. This
represents just over one percent of the wetland acreage along the St. Lawrence

*~ River.
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The lower section of the River is generally referred to as Lake St. Lawrence.
Most of this section is classified as lacustrine because it is impounded by
Moses-Saunders Dam. The area below the dam and locks is classified as.-
riverine. This section is about 33 miles long, 9 miles of which are riverine. -

There are many islands and shoals in this section (Fig. 6). Shoals occupy a
total of 570 acres, of which 505 acres are deep shoals. This represents over
50 percent of the deep shoals in the River. The 65 acres of shallow shoals
represent less than 22 percent of the River's total.

*Wetlands are relatively common in this section. Of the j40 acres of emergent
wetland, 246 are located on the mainland (Table 24; Fig. 6). The emergent
wetland acreage is small compared to that of the Thousand Islands region. This
is probably due to fluctuating water levels caused by lock and power
operations. Ebrested wetlands are common, occupying 599 acres, much of this in
the Wilson Hill Island area. This accounts for 81 percent of the forested
wetlands (including both broad-leaved deciduous forest and broad-leaved
scrub/shrub wetlands, as well as interspers ions) found along the River.

There are 9,346 acres of deep water in this section, which translates to 283
acres per river mile, compared to 243 acres/mile in the middle section, and
553 acres/mile in the Thousand islands region (Tables 22-24; Figs. 4-6).
Shallow littoral zones occupy 6,830 acres (two-thirds of which is mainland),
while deep littoral zones occupy 3,698 acres (almost evenly divided between --

mainland and island). There are 207 acres of shallow littoral zone per river
mile, which is similar to the 196 acres per mile in the Thousand islands. The
deep littoral zone occupies 112 acres per mile, compared to 176 acres per mile
for the Thousand Islands. The figures are considerably lower for the middle
section, where there are 44 acres per mile of shallow littoral zone and 58__
acres per mile of deep littoral zone.-

In summary, there are some similarities between the habitats of the Thousand
Islands region and Lake St. Lawrence, both of which are broad, lake-like areas
with many bays, islands, and shoals. However, the outflow of Lake Ontario
created the natural river conditions in the Thousand Islands section, while
LIke St. Lawrence is man-made and man-regulated. There is a greater diversity
and interspersion of habitats in the Thouisand Islands region. There are more
wetlands in the Thousand Islands, and far more acreage of emergent wetland.
There is significantly more acreage of forested wetland in the lower section of
the River, particularly on the mainland. Although the acres per mile of
shallow littoral zone is similar between the two regions, the greater island
littoral area of the T1housand Is lands creates a greater interspersion of
habitat types. The deep littoral zone is significantly greater in the Thousand
Islands, as is the open water area. There is more shoal acreage per mile in
lake St. Lawrence, particularly deep shoals; most of these shoals were created
as a result of the flooding of islands by ~moses-Saunders Dam.

The middle section of the River is significantly different than the other two
and is less diverse with less interspersion of habitats. Shallow shoals are
significantly greater, but this is essentially due to one large sand bar off
Ogdensburg Harbor which was created from shallow littoral area by channel
dredging. Deep shoals are significantly less, an shallow littoral areas and
all types of wetlands are relatively scarce. Deep littoral mainland acreage is
similar to the Lake St. Lawrence area, but much less than the acreage found in
the Thlousand Islands.
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Changes over Tinre

The formation Of L~ake St. Lawrence by construction of the Moses-Saunders Dam,
along with the dredging for navigation and power production, greatly altered
the habitats of the St. Lawrence River. Islands, shoals, and mainland areas
were flooded, while new shoals and islands were created. Some islands were
created from dredge spoil disposal.

*As was expected, the habitat maps produced from aerial photos showed very
* little change over time in the Thousand islands section of the River (Lake

Ontario to Morristown) (Fig. 4). Changes became apparent at Galop, Island in
the middle section of the River (Fig. 5). The changes in the lower section
(Iroquois Dam to the International Border) were qu.ite vivid (Fig. 6). The most
dramatic changes are documented to have occurred between the pre-aa (1941-

* 1955) and post-Seaway (1959-1962) time frames.

The largest acreage change from pre-Seaway to post-Seaway was in the deep water
category, which increased by 7,307 acres, a change of 19.7 percent (Table 25).

* Most of this increase came in the lower section of the River, where Lake St.
Lawrence was formed. The increase from Iroquois Dam to the International
Border (a 33 mile section of river) was 5,905 acres, a 176.5 percent increase

* from the 3,346 acres that were present in 1955 (Table 24). There was also a _

- 20.7 percent increase in the deep water zone in the middle section of the River
IL (Table 23), caused mainly by dredging (Fig. 3).

The second largest acreage change was in the shallow littoral zone. The total
increase was 4,702 acres, with a 2,796 acre increase along the mainland and a
1,906 acre increase around islands (Table 25). There was a total increase of
34.5 percent; the figure for the mainland was 35.6 percent, while the figure
for islands was 33.2 percent. Most of this increase occurred in the lower
section of the River, due to the creation of Lake St. Lawrence. Mainland
shallow littoral was up 113.0 percent in this section, while island shallow.7
littoral was up 14 3.3 percent (Table 24; Fig. 6). There was also a 26.4

* percent increase in island shallow littoral area in the Thousand Islands
region. There was a decrease in shallow littoral zone in the middle section of
the River (Table 23; Fig. 5). The island shallow littoral area in this section
decreased 54.0 percent (360 acres), while the mainland shallow littoral area

* decreased 13.0 percent (109 acres). Most of this acreage was lost around Galcp
Island, where a new channel was created and dredge and fill operations
drastically altered the configuration of the islands in the area.

The deep littoral zone decreased along the mainland, but increased around
islandi, for a net increase of 325 acres (2.3 percent) (Table 25). There was a
17.8 percent increase (1,046 acres) around islands. This increase occurred

* from Chimney Point downriver. There was an increase from 0 acres to 159 acres
in the middle section of the River (Table 23; Fig. 5); this was due to a
channel that was dug, creating deep water, which in turn redefined some
mainland deep littoral as island deep littoral. There was a 338 acre (19.
percent) loss of mainland deep littoral acreage in this section of the River.
Most of the increase occurred in the lower section, where 1,658 acres of island
deep littoral were added (a 458.0 percent increase). This increase was caused
by flooding of islands, which created deep littoral zone out of upland, or
which redefined mainland littoral as island littoral. There was a loss of 487
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acres (22.6 percent) of mnainland deep littoral in the lower section of the
River. In the Thousand Islands section, the deep littoral zone decreased
slightly around islands (13.9 percent) and increased slightly along the
mainland (2.5 percent). These changes were partly as a result of dredging and]
channelization.

The total acreage of shoals increased by 352 acres (38.0 percent). Deep shoals
increased by 54.4 percent (341 acres), while shallow shoals increased by 3.0
percent (9 acres) (Table 25). Most of the change in this category occurred in
the lower section of the River. Some shoals were flooded by Lake St. Lawrence, -

but this represented only a small area. Several islands were turned into
shoals, the largest being Goose Neck, Clark, and Murphy (Figs. 3 and 6). Most
of these island areas were sufficiently flooded to be classified as deep
shoals. The increase in the lower section of the River was 391 acres (372.4
percent) of deep shoals and 64 acres (1,280.0 percent) of shallow shoals (Table
24). only 5 acres of shallow shoals had existed prior to the flooding of Lake
St. Lawrence. In the middle section of the River, shallow shoals increased 9.3
percent (12 acres), while deep shoals decreased 29.5 percent (26 acres). These
losses occurred at Iroquois Damn and in the shoal off Ogdensburg Harbor. In the
Thousand Islands region, deep shoals decreased slightly (22 acres, 5.0
percent), while shallow shoals were reduced by 41.4 percent (67 acres). Most
of this loss occurred between Chippewa Bay and Morristown where channelization
was conducted.

Tobtal wetland acreage decreased with construction of the Seaway. A net loss of
322 acres (11.4 percent) occurred (Table 25). All categories except emergent
wetlands (which increased 2.1 percent) were reduced. Both island and mainland
wetlands decreased. Emergent wetlands increasedl by 17 acres (1.3 percent) on
the mainland and by 28 acres (3.4 percent) on islands. The most significant
emergent wetland changes occurred in the Lake St. Lawrence section. Mainland - -

acreage increased 38.1 percent (103 acres) and island acreage increased 163.1
percent (137 acres). These changes were the result of flooding of uplands.
Most of the increase occurred in the Wilson Hill area and on Croil Island.
There was actually a loss of wetlands near the mouth of the Grasse River
(Fig. 6). in the mniddle section of the River, no island emergent vegetation
was present either before or after Seaway construction. However, mainland
emergent wetland decreased by 53.5 percent (23 acres). This loss occurred at
Whitehouse Creek and was the result of Lake St. Lawrence flooding and the
construction of Iroquois Dam and Lock. There was also a decrease in emergent

* . wetlands in the Thousand Islands region. Mainland acreage decreased by 6.4
percent (63 acres), while island acreage decreased by 1.5.0 percent (109 acres).
The causes for this decrease may be erosion and/or man-made activities, such as
filling for development. There were relatively few emergent wetlands in close
proximity to the shipping channel, and these were relatively unchanged. It
should be noted, however, that deep-draft navigation had just begun when the
photos were taken in 1959.

Changes in other types of wetlands are hard to define. The areas covered by
other wetland types were small, and there was great variability in the
resolution of these habitat types from one set of photos to another. The
mainland broad-leaved deciduous forest increased f rom 0 to 2 acres. The island
acreage decreased by 100 percent (3 acres) (Table 25). Broad-leaved
scrub/shrub forests decreased by 8 acres (16.0 percent) on the mainland and] by-
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36 acres (70.6 percent) on the islands. The rooted vascular/floating-leaved
zone decreased 71.3 percent (234 acres) on the mainland and 65.0 percent (186
acres) on islands. Eor mapping purposes, the forested wetlands and scrub/shrub
wetlands were lumped together on the final charts (Figs. 4-6). In the Thousand
Islands area, the quantity changes in these two categories may be a reflection
of natural adjustments. The 2 acre increase in the middle section of the River
occurred at Whitehouse Creek (now Whitehouse Bay) and appears to be the result
of flooding (Table 23; Fig. 5). in the lower section of the River, an area of
forested wetland on Long Sault lsland was lost by flooding (Table 24; Fig. 6).
Most of the apparent reduction in rooted vascular/floating-leaved acreage could
be the result of photo interpretation, primarily that the 1959 photos were
taken in May, before the aquatic beds were really established. There was a
slight increase in acreage in this category in the Lake St. Lawrence area,
primarily due to flooding of small tributary streams such as Sucker Brook.

Due to the difficulties in distinguishing wetland types on different photos,
the best way to determine wetland changes is to look at the wetlands as a whole
(emergent, forested, and aquatic bed combined). In the Lake St. Lawrence
section, there was a net increase of 431 acres (106.9 percent) (Table 24).
This was primarily the result of flooding of upland areas. Much of the
increase occurred in the vicinity of Wilson Hill, Coles Creek, Brandy Brook,
and Sucker Brook (Figs. 3 and 6). in the middle section of the River, there
was a net decrease of 39 acres (61.9 percent) (Table 23). This loss occurred
near Iroquois Dam as a result of flooding and construction activities. There
was also a decrease in the Thousand Islands region (714 acres, 30.1 percent)
(Table 22). These losses were generally caused by site specific development
activities.

There was also a decrease in the streambed category. This was essentially due
to flooding of tributary stream channels by the creation of Lake St. Lawrence.
The breakwater/dam category increased substantially (45 acres, 50.0 percent)
(Table 25). This is easily accounted for by Iroquois, Long Sault, and Moses-
Saunders Dams, plus some dikes constructed in the Wilson Hill area (Fig. 3).
These dams replaced upland, open water, and littoral area. However, the
hydraulic changes caused by the dams overwhelm the direct physical changes
caused to the habitat by the dams themselves. The habitat lost to the dams was
insignificant compared to that altered by construction and hydraulic changes.

The changes between the post-Seaway period (1959-1962) and the present (1979)
are not as great nor as obvious as those changes between the pre-Seaway and
post-Seaway periods. This is to be expected since the most dramatic changes
would take place during construction and flooding. Some habitat changes
resulting from construction may be more gradual; for example, a water level
change may cause a wetland to slowly deteriorate over a period of years, in
which case the change would not show up on the 1959 photos, but would be
obvious on the 1979 photos. Changes caused by such factors as ship movements
and water level fluctuations would also be expected to show up over a period of
years, rather than immediately following the Seaway opening.

The creation of the power pool divided the River into two categoriess riverine
and lacustrine. The riverine section includes the entire Thousand Islands
section, the middle section of the River (Morristown to iroquois Dam), and the
section below Moses-Saunders Dam. The lacustrine section encompasses the area
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between Iroquois Dam and Moses-Saunders Dam. The lacustrine section is
impounded and functions like a lake. Comparisons can be made to show changes
in habitats over time in the riverine versus the lacustrine categories.

The total area of deep water was unchanged during the twenty years following :
the cpening of the Seaway. The changes wjere within + 1.8 percent in each of the:
three major sections of the River. Water levels present at the time the photos
were taken, the clarity of the photos, and the precision of the mapping and
digitizing process all can lead to minor variations. The maps show no
significant changes in the areas covered by deep water. These results are no~tS
unexpected. The major changes in deep water habitat occurred with dredging
(see Figure 41 in Appendix B) and flooding (Fig. 3). Normal erosion, ship
traffic, and other occurrences over time would not be expected to significantly
alter the quantities of deep water habitat. Future changes involving dredging,
channel widening, or island and shoal removal could increase the deep water --

acreage at the expense of other habitat. The shallow and deep Littoral zones
around islands also showed only minor changes. The deep littoral zone
increased only 1.0 percent (70 acres), while the shallow zone decreased 0.5
percent (35 acres) (Table 25). The lacustrine shallow littoral zone was
unchanged, while the deep littoral zone decreased 0.2 percent. The riverine -

shallow littoral zone decreased 0.6 percent, while the deep Littoral zone
increased 1.5 percent. The changes were slightly greater along the mainland,
where the deep littoral zone decreased by 0.2 percent (16 acres) and the
shallow littoral zone decreased by 1.3 percent (135 acres). The biggest change
was in the shallow littoral mainland zone in the lower section of the River,
where a 3.5 percent (176 acre) decrease was shown (Table 24). However, there
are no, major areas on the map ..-here a significant change appears.

lotp..
No large changes were apparent in the shoal acreage between 1962 and 1979.
Shallow shoals decreased 1.0 percent (3 acres), while deep shoals increased 0.6
percent (6 acres) (Table 25). The lacustrine changes were greater than the
riverine changes (+ 3.6 and -1.9 percent deep shoals and -4.8 and 0.0 percent
shallow shoals for lacustrine and riverine habitats, respectively). Shallow
shoals were down 5.8 percent (4 acres) in the Lake St. Lawrence area (Table
24). No significant changes in shoals have occurred during the last 20 years.

Total wetland acreage has shown a significant change over the past 20 years.
An increase of 10.3 percent (258 acres) has been shown on the maps (Table 25).
The changes in broad-leaved deciduous forest and broad-leaved scrub/shrub
wetlands can probably be discounted because these categories were much easier
to distinguish on the 1979 photos; therefore, much of the acreage in this
category was probably mapped as other wetland types for the post-Seaway time
frame. Since the 1979 photos were taken in April, no~ rooted vascular/ floating-
leaved zone could be seen on the phiotos. Therefore, no cxmparison can be made
for this category with the post-Seaway period. Emergent wetlands decreased 7.3
percent (157 acres) during this time period. Island emergent wetlands
decreased 4.4 percent (37 acres), while mainland emergent wetlands decreased
9.1 percent (120 acres). The most significant changes in emergent vegetation
occurred on islands in the Thousand Islands region, where an increase of 14.4
percent (89 acres) was Qbserved, and in the Lake St. Lawrence area, where a
decrease of 57.5 percent (127 acres) was observed (Tables 22 and 24). The
mainland einergents in the Lake St. Lawrence area were 34.0 percent (127 acres)
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less in 1979 than in 1959. The changes in the Thousand Islands area are not
readily detectable on the map (Fig. 4). The decreases in the emergent wetland --

in the lake St. Lawrence area can probably be traced to successional changes.
In these areas located along Little Sucker Brook, Great Sucker Brook, Brandy
Brook, Coles Creek, and Wilson Hill, "succession" may have replaced emergents
with trees and shrubs over the 20-year period.

The total. wetland acreage increase in the Lake St. Lawrence area for the past
20 years is 132 acres (15.8 percent) (Table 24). This change may be attributed
to a stabilization of the water regime after the initial flooding, allowing
the wetlands time to become established.

In summary, the environmental/physical changes that occurred as a result of
Seaway/power construction were significant, particularly in the area from the
Iroquois Dam to the International Border. Changes in the Thousand Islands
region and the middle section down to Chimney Point were relatively
insignificant. The largest increases were in deep water and shallow littoral
areas, both changes being a result of flooding of islands. Em~ergent wetlands
increased in the Lake St. Lawrence area due to flooding. Essentially, this
section of river was changed from a narrow, fast-flowing riverine habitat to a
wide, slower-moving lacustrine habitat. Unfortunately, the habitat maps do not
show such things as rapids, which are important to many species of fish and -

invertebrates. Although certain habitats such as emergent wetlands were
increased by the construction, this does not necessarily mean that the habitat
was improved. Other factors, which will be discussed in later sections, come
into play here.

Between 1959, when the Seaway opened, and 1979, relatively few significant
changes in habitats occurred. The most substantial changes occurred in total
wetland acreage and forested wetlands (broad-leaved deciduous forest and broad-
leaved scrub/shrub wetlands). These changes may be attributable to natural
successional changes and stabilization of wetlands.

Although great care was exercised in photo- interpre tat ion and mapping, some
small habitat changes seen on the maps can be attributed to the procedures.
Photo- interpretation could have affected results in several ways. The 1979
photos were newer, in color, and much clearer than the older photos..
Therefore, it was easier to identify habitats, particularly the interspersion
of scrub/shrub and forested wetlands. The time of year that the photos were
taken also af fects the interpretation. The 1979 photos were flown in April,b
before the rooted vascular/floating-leaved vegetation was present. Therefore,
this category could not be identified for the 1979 maps. Habitat normally
falling into this category was probably classified as emergent wetland,
although some may have been classified as shallow littoral. Another factor
influencing interpretation was the relative ability of various interpreters and
their subjective determinations. All interpreters were trained and their
products were checked. However, subjective determination would come into play
when various wetland types were interspersed or difficult to distinguish on the

photos
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General Discussion

Primary production consists of phytoplankton, periphyton, and macrophytes.
Secondary production consists of zooplankton and benthic organisms (Geis 1977).
Most of the plankton found in the St. Lawrence is imported from Lake Ontario;
the planktonic biomass declines progressively downriver. One of the critical
factors influencing the selection and elimination of planktonic forms downriver
from Lake Ontario may be the physical setting, which consists of increased
current flow and reduced retention time, which gives rise to eddies and
backflow currents, causing larger forms to accumulate nearshore. The current
speed is two to three times greater below Ogdensburg than where the River
begins at Lake Ontario (Mills, Smith, and Foney 1978b). Turbulence, seasonal
vegetative growth, and selective grazing also influence the spatial
differences of phytoplankton along the river (Mills, Smith, and Forney 1978a).

e-seawy.

Information on primary and secondazy production in the St. Lawrence River prior
to the Seaway is scarce. The only significant studies were conducted in 1930
by Muenscher (1931), in 1952 by the Academy of Natural Sciences of Philadelphia
(1953), and in 1955 by Dore and Gillett (1955). The Academy surveyed four
sites in the Brockville area along the Canadian side of the River. According
to this study, plankton was one of the more important food sources in the(7 River, and the insect fauna was fairly diverse.

The vegetation, characterized by higher plants and algae, in this section of
the St. Lawrence River was more representative of a lake than a river. This
was due to the lack of strong current, gradual shoaling, and the many coves and
bays which produced conditions conducive to the growth of many higher plants
which could not exist in swifter currents. Among these plants were Scirpus
spp., Eleocharis spp., and Myriophyllum spp. (Table 26). The zooplankton and
phytoplankton were also more indicative of lakes and ponds than a river.

The wave action of the River produced an intertidal effect, with water levels
varying as much as a foot in places when the wind shifted 180 degrees. As a
result of this scouring action, the dominant form of algae found on the rocky
shores was Cladophora, a green alga characterized by a holdfast (attached).

Protozoans were scarce. This was probably due to a scarcity of bacteria which
provided the main food source for protozoans, and to the abundance of
crustaceans, which fed on the protozoans.

Among the lower invertebrates, 55 species were collected, with the most common
being the omnivorous foragers such as oligochaete worms, snails, and
crustaceans. These organisms comprised an important food source for fish.

The insect fauna was not as large as that found in more lake-like areas of the
St. Lawrence River. Among the possible reasons for this were the scarcity of
mud or other habitats for burrowers, a lack of accumulated organic debris, and
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Table 26. List of submergent and emergent aquatic plants found in bays
of the St. Lawrence River during the summer of 1931
(Muenscher 1931).*

French Eel Goose Chippewa Morristown
Plants Creek Bay Bay Bay Bay

7Vpha anguatifolia c c c f-

Soirpus acutu8 r c f f-

Scirpue americanus c f f-

Scirpus validuB f f f f r

Eleocharis paluetris var. c c C f r

Zizania aquatica -f c c-

ILZizania paluetris c c a a r

Sagittaria heterophylta c c c f f

Nynrphaea tubez'oaa f f a c a

Nymphozanthzss advena c c a a a

Najas fZexi2.8 c a a a f

Potamogeton vichaz'deonii c a a c f

Potamvgeton c2'?epus f

Potanvgeton grainineue var. f c f c r
grarninifoliua

41Potamogeton pectinatue c c c c f

Potamogeton pusilZus c c c c c

Pot cuvgeton compreasue c c f f c

Potamogeton robbinsii -- c f-

Potairogeton frieoii f c c f c

VaZZianeria unericana a a a a a

EZodea canadenuis a a a c a

Leina trieutoa c a a a a

Heteranthez'a dubia c a a a c
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Table 26. (continued)

French Eel Goose Chippewa Morristown
Plants Creek Bay Bay Bay Bay

Mlriophy~lum exaZbescenz C C C C C

Utricularia vulgaZ'48 f f c c r

Ceratophy4Umn demersum c f c C C

Bidena beokii f C c f f

a =abundant; c =conion; f =frequent; r =rare; -=absent

*Millls and Forney 1976.
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the relative lack of a large algal food source. In general, the insect
population could be described as healthy, with all habitats occupied by a
reasonable number of species. The most common species were caddisflies
(Trichoptera spp.), which were particularly characteristic of rocky areas.
June bugs (Phyllophaga spp.), beetles (Coleoptera), and midges (Chironomidae)
were more characteristic of lake-like conditions.

The 1952 study was conducted on a limited area of the River and does not begin
to describe the primaly and secondary productivity that existed on the River
prior to the Seaway. However, no other data except plant species lists are
available in the literature (see Table 61 in Appendix A). Therefore, a data
gap exists that cannot be filled.

Post-Seaway

Studies on primary and secondary productivity in the St. Lawrence River during
the post-Seaway time frame are virtually non-existent. Lawler, Matusky, and
Skelly (1977) made brief mention of phytoplankton standing stock values in the
1960's, based on literature review. They found that these values were lower
along the upper St. Lawrence River than in Lake Ontario, which was consistent
with lower nutrient values found in the River. Depressed phytoplankton
standing stocks near Brockville, Ontario, in the upper River, were related to
municipal and industrial discharges. The study in the 1960's, which provided
Lawler, et al., with their data, was conducted by the International Lake Erie
Water Pollution Board (1969). This study also observed that the seasonal
pattern on phytoplankton growth in the River was similar to that found in Lake _

Ontario; however, blue-green algae was not dominant in the River, which
suggested a maintenance of oligotrophic conditions as a result of less nutrient
enrichment.

Since the primary production in the St. Lawrence is highly dependent on input
from Lake Ontario, it is likely that the upriver productivity remained
relatively unchanged following Seaway construction. Changes may have occurred
in the Lake St. Lawrence area, but there is no evidence to document this.

Present

A variety of studies of primary and secondary production in the St. Lawrence
River have been conducted in the last ten years. Mills, Smith, and Forney
(1978a, 1978b, 1978c, 1978d) conducted studies in the summers and winters of
1976 and 1978; Geis, Ruta, and Raynal (1979) studied littoral vegetation in
1979; and the U.S. Fish and Wildlife Service (1979) sampled benthos in 1979.
Lawler, Matusky, and Skelly (1977) discussed the present status of knowledge of
these ecological components.

During the summer of 1976, 103 phytoplankton species were identified in the St.
Lawrence River; this population was dominated by Chrysophyta-Bacillariphyceae,
which accounted for 73 of the species (Table 27; Figs. 10-12). Only 60 species
were taken during the summer of 1978; these were dominated by green algae,
cryptomonads, and small chrysophytes (Fig. 13). Diatoms dominated the winter,
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Figure 10. Monthly distribution of phytoplankton biomass (g/m3) by %
taxonomic group at selected depths at Cape Vincent, June through
September, 1976. (Mills and Forney 1976).
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Figure 11. Monthly distribution of phytoplankton biomass (g/m3) by %
taxonomic group at selected depths in Chippewa Bay, June
through September, 1976. (Mills and Forney 1976).
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Figure 12 . Monthly distribution of phytoplankton biomnass (g/m3) by %
taxonomic group at selected depths in Lake St. Lawrence, June
through September, 1976. (Mills and Forney 1976).

Depth( ..... ...... r -!

LO~ .. .. .... ..
. . . . . . . . . . . . . .... . ..

...... ..... ... ...... .. . .. . .
LA......................................................

I~.. ..... .. *.. * *: w .:
Crp0... .:-o y

.. . . . ...... ........... ........ .. . .......L.:: a .. l.. .........

0

................ . . . . . . . . . .

.~~~~~ . ....

C h -::::' r p

.. . . . . . . . . . .. . .. .. -

.......................... .............. ... ...........
. . . . . -.. . . . .. . . .

.. . . . ..................... . . . . . . . . . .

*ChlorC ~ rypt
U- ..... .....

C*hI ............... ...... .. . . . . . . .

C .'- I ' I -* I - I I I - X ' . . . .
................................................ ...............................

.. . . . ...................... . . . . . . . . . .

4--)

................................ ...........
... .... .. .. ***.

o ........... *.ao - ** ....

. . . . . . . . . .

............... __ _ __ _ __ _ __ _ __ _ __ _ __ _ __ . . . . .

Ia c i I

J 1 2 30 40 50 0~70 80 90 00

........ 00



'U "

0)D

C-1 0

00 C,
0.0

0.w

S- C) o

r-r
qC- M0VP. O

4J r- ..........

XONN -; : 0

........... ............ ...

V)* DR44M AN.*W .....

MIANMR Li. I.M I.***%

DNA Q.- W*4~

0 ~ ~ PS-. MU I-. I ot** ..... * .. .. *::**::

*m *...:. ..... ~. :.....

nui *.-fi r-w .l JIM :3*

T% mp .. .........~
-1 06jf:1 jt V . ;_*I ..**.* ....:.:, .

AS. L. .... ......

........ ........

--

m4 -. . .. .. .
.4 0I 0. 0.....0 .0

0 '.0 .0

101

.. . . . . . . .
. . . . . . . . . . . . . . . . . .. . . . . . . . . .



spring, and early summer phytoplankton crops, with cryptomonads also being
important in winter. Cladophora was the predominant periphyton organism
identified. The algal biomass was low in winter and decreased downriver. The
maximum phytoplankton biorhass and chlorophyll a were detected in the spring,
and declined throughout the summer. The phytoplankton biomass was greatest
offshore during the winter 1978 studies at all sites except Galop Island, where
a strong current exists (Geis 1977; Mills, Smith and Forney 1978a, 1978b,
1978d; Mills and Forney 1976).

The second most significant source of primary production during the winter is
the standing stock of submerged macrophytes (Mills, Smith and Forney 1978b)
(Table 28). Geis, Ruta, and Raynal (1979) found that the standing crop biomass
of littoral vegetation increases progressively from July through October.
Lawler, Matusky, and bkelly (1977) stated that rooted aquatics are abundant in
depths less than 6 meters where gradual slope profiles and minimum flows permit
the deposition of organic materials and fine sediments. The most important
macrophyte species in the shallow littoral zone (0-3 meters deep) are
1yriophyllum exalbescens, Potamogeton zosteriformis, Vallisneria americana, and
Ceratophyllum demersum. In the deep littoral zone (3-6 meters deep), the
important species are Nitellopsis obtusa, Potamoqeton pectinatus, Elodea
canadensis, Ceratophyllum demersum, and Vallisneria americana (Table 29)(Geis,
Ruta, and Raynal 1979). (See Table 62 in Appendix A for a plant species list).

A large zooplankton standing crop enters from Lake Ontario, and decreases in
abundance downriver. Twenty-one species were identified during the summer of
1976 (Table 30), while 22 species were found during the summer of 1978.
Rotifers dominated in early July (Figs. 14-17), while cladocerans, which were -
low in June, became dominant in late July and August. The copepods were
dominated by Cclops and Diaptomus, while Bosmina was the dominant cladoceran. -
The zooplankton standing crop was much lower in the summer than in the spring,
although the peak crustacean zooplankton crop occurred in late July and early
August. During the winter, the zooplankton biomass, which was dominated by
cyclopoid copepods, was low, equalling about one-tenth the algal standing crop.
A greater biomass occurred in deeper waters than in shallow bays throughout the
year (Mills, Smith, and Forney 1978a, 1978b, 1978d; Mills and Forney 1976; Geis
1977).

Benthic organisms are important because of their association with the
sediment/water interface. They are also an important link in the food chain as
well as an essential component in the decomposition process. Many benthic
invertebrates serve as indicator organisms of clean or polluted water (USEWS
1979; Mills, Smith, and Forney 1978d). Kinney (1972) found that the upper St.
Lawrence River supports a diverse macrofauna indicative of non-polluted waters.
In general, the International section of the River supports an abundant and'
diverse benthic community, with many pollution-sensitive species, such as
caddisflies, mayflies, amphipods, snails, and clams (Lawler, Matusky, and
Skelly 1977).

The standing crop of benthic invertebrates is greatest near Lake Ontario, due
to the abundance of molluscs and other fine-particle feeders; the standing crop
decreases downriver and the community shifts to coarse particle feeders such as
annelids and chironomids. Among the factors influencing this community shift
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Table 28. List of subniergent macrophytes collected at selected sites in
the St. Lawrence River during the summer of 1976.*

Whaleback Goose Cape Chippewa Kring Lake St.
*Plants .Island Bay Vincent Bay Point Lawrence

CeratophyZ~wn

*denmeraw X X X X X

Elodea canctdensis X X X X X

Heter'anthera dubia X X X X X

Lena trisulca X X

Mriophyllum

exaZbescens X X X X X

Potamogeton a2'is6pus X

Pot anygeton
*.pectinatus X X X

Pot awageton X X X
richardsonii

Potamogeton
zoaterLformnt- X X X X

*Ranunculua aquatilis X X

Sparganium sp. X

Vallieneria
americana X X X X X

*Mills and Forney 1976.

103



Table 29 .General species composition of littoral vegetation in the
St. Lawrence River during the 1978 growing season by one
meter water depth categories.*

Depth General species composition

0-1 Afyriophyttwn exatbesceno
Vat ieneria americana
Potanwge ton zoateriformis

1-2 Vat isneria americana
Nfriophy urn exratbeecene
Pot ow'vgeton zoeteriformia

2-3 Mjriophyttwn exatbesceno
Potamogeton pectinatus
Ceratophyt urn derre
Vat ianeria americana
INitettopsie obtusa

3-4 Potmwvgeton pectinatue
Ceratophyttwn demerown
Etodea canadeneia
Vat ioneria americana
Lemna trioulca
Nitetllopaia obtusa
Potamvgeton Bosteriformio
Ciadophora gtomerata -*

4-5 Ntetiopeie obtuea
Ceratophy Z turn dernerour
Etodea canadenoia
Potamogeton pectinatuB

5-6 Ceratophyt urn demersun
Etodea canadensia
Heteranthera dubia

6-7 Nitettopeia obtusa
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Figure 15. Monthly distribution of zooplankton (individuals/n 3) by %
taxonomic group at selected depths at Cape Vincent, June
through September, 1976. (Mills and Forney 1976).
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Figure 16. Monthly distribution of zooplankton (individuals/n)bm
taxonomic group at selected depths in Chippewa Bay, June

Deph (n) through September, 1976. (Mills and Forney 1976).
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Figure 17 . Monthly distribution of zooplankton (individuals/n 3 by %
taxonomic group at selected depths in Lake St. Lawrence, June
through September, 1976. (Mills and Forney 1976).
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are current flows, available food resources, presence of organic wastes, and
the substrate character, which shifts to sand, clay, and gravel. Depth,
substrate, location, and season all play major roles in defining the benthic
community structure. In general, the benthic community has a patchy, non-
random distribution, And within similar depths, substrates, and habitat, the
abundance, biomasd, and diversity can be quite variable (USFWS 1979; Mills,
Smith and Forney 1978a, 1978b, 1978c; Geis 1977; Mills and Forney 1976).

Mills, Smith, and Forney (1978c) found excessive numbers of oligochaetes and
chironomids downstream from Dupont of Canada, Maitland, Ontario. These
organisms, along with nematodes, are indicative of enriched conditions such as
those found below sewer outfalls. 5-ratodes were more apt to be found around
sewage, while the chironomids were more common near industrial chemical sites.
Kinney (1972) found benthic populations reduced in abundance near urbanized
areas, while Mills, Smith, and Forney (1978b) found beds of accumulated
detrital material rich in benthic invertebrates.

The U.S. Fish and Wildlife Service (1979) found that shoals were important
benthic habitats due to large concentrations of macrophytes such as
Myriophyllum spp. Shallow sites have a higher standing crop of benthos than
deeper sites, except in Lake St. Lawrence (Geis 1977). in general, the benthic
invertebrate community is sparse in Lake St. Lawrence due to the homogenous
substrate and the fact that it was drastically altered by the Moses-Saunders
Dam (Lawler, Matusky, and Skelly 1977). Tle canal area between Eisenhower and
Snell Locks also has relatively low productivity (Tables 31 and 32), due to
poor substrate (clay and sand), water level fluctuations from lock operation,
ship activity, and maintenance dredging (USFWS 1979).

In 1979, the U.S. Fish and Wildlife Service found oligochaetes, chironomids,
amphipods, and molluscs to be the most abundant taxa in the River; isopods and
nematodes were also abundant (Table 33). Mills, Smith, and Forney (1978d)
found chironomids, oligochaetes, amphipods, and molluscs were the major forms
in winter, with molluscs being the major component of the benthic biomass
(Table 34). They found the same organisms dominating the samples during the
summer (Mills, Smith, and Forney 1978a). Geis (1977) reported amphipods,
tubificids, and chironomids as important components of the bottom fauna. All
toyether, over 50 taxa (mostly keyed to the family level) were collected on the
St. Lawrence River between 972 and 1979 (Table 35).

07-

... 11



o co
a m l . - 1 C * I .- 1l " I " I I II- -

.- C ~ C C; 0' 41

r-. C- 0 04 0i 04 .
a'

-i I

S .- O LLJ 'j 02 LO r- INCO CJ % r-. 0

-i w kc m~ m ) (DI m- 0 n W~ 0) C C) ,

CL r- -4 -

C> 04 k\J 4. r- - C' +4E , C I -

41 -a-, , k.0 -4 \

_) w C DC. 0 CC DC '.
ca m - CrJ0~sI -4 s- 4 a-- O M -4 C c\J

U o X E .0 CCj C'J CC' ) C) C ( 0 0 DC C )<

(U

mJ O0 LU
Lfl C-) Ci COz r- 00 "; r-' M) s-4 IMP C'

40 if -- 4 ---

E LL- C C: = LO " n U' C In COU -I Ci '.0 - C)7
Sa .L> -4 -4

*.cL) -

&A l0 0-

C4 00 00 '.0 C '42 -t * C-) C'.) -4- s-0IN -4q -I C

Ln C

S0 In ; ko I.0-- co C DJ') C ) c
-4 '.4 -

Itw U..1~ %-C. ~ ~ C '0 -4 '.0 W 0 -I -

u +~ =~ C- n o~l '.01-C to 0'- 00 00K 0nC)a 1 C

4:C w LU. u n m~ m- a - a o) ON m' a' 0 0 C>C

:3 c > - -4-z40 4 o In L

:c .a~- U ~ a) 4 - s-4 0' '0 CD0 C) C.) C'.) s

=U) ~ ~ sI. C C

- EU

41 WO LLS ~ g--. m- -

4J3 0 gr cz s-< C'

Iv.- I.

4J 4 - 0

r- +J 'U to U ' ~ ) c

IIM- O 'V z 0'o~ ea £ S- E -
to C ) 0 0 0 4 S 0 -0 . ) -

m1 0 0 4.- 4.-C3 ' '* 0) ' 2 0.

r- cu WV > a) CV ' > 0 .

112



O j M Dc m I at w " t 7 %' I J ' * c, C

-1 - -- -------

-c 0 0'. M ON o M m M 0ON >-l. O a% 0% >C m(( O
0%cnON0

CO ON -% M- -

0 C1 + *+ + +. +- +
* ~ 5(l 00O

aIt3

ul '.D .6 a; o, 0- -. 0 cn ,a N ON ON ol 43 ON 0%
o LLJ~ 00 471 CA 14r~ ~ m 4m aC Na %a %C

0 is % CJCL ~ . % .

."I .0 r- -~ -

Mj OcnJ 0 Ln 0* 0N.C'j~ 0 '0.00 a CD0~ 4= co

CA 4 u 0 0CD0 C~ 00C D OC'J 0 C < 0 0

E a

gap- 'm
-W no0 u ' 'D0 co mb T - t m ~ CD~ 0 T r - r-- r" C 000 C1.4

a1os ) u -S -~ m-, -4 e.. -4 -4 -4 . 04.~

w Cr

IS *. U= U o -rC n U - ;C

y~ .~. is co r.. s r .. %0s C1 Ms c s i. r 'o
LA'n 0- -4 -4 ..4 - %J 1-0 - 0 0 q C s s s O C

64M L 0

co Ln to- f COi- O N m'. '.0 Wt0 kD tD co m4 co Cc CJ C%

C\J~- C. -4 -4 -

II Iv

v *(J m

c L 0  +Z mi.'. C cn .4O %0O CO CO 00 a%

dc+Mco-+ + + + + I

0) V 4) "r , .%D f LnAOS m C DO - is, -c '0 Rr c C11.1 -4 -4 14 0D
.0 G*i coJ r qc. - -4 44

S- Z4v -L

-cc -c cc -:a-C C

tjC a0

to~G 9.i Ia

.C.-p ea - m
to cu r v a ; W e ) 0 t
-w - L S o u t a - 0 w

o) *'a s- wC "U0 to m " a 0)0 'a w

r_ 0)-L0 a *- ' 0 0 4.. S.- W 'a
C'J ~ ~ ~ 4. 'a (a' 0 . - 0 ( - ' 0 0 0 ' .a '

CO 1 .C 0 S .4~ I- r_ Lo 20- 0 'a - 0LI~i &OO 00L L>. .9) C"*-0L'

113

- - . t* * %7



I V .I
119 1"! 119 0! C ri 0': ONI0 %9J 0 r- 1 I r - L

q- * * 02I I 0 0

un aD c C%J +V CD - t 1

vi 41 F
W oC

4) LLI
CA

.1 .

00

0 c

(DlLt. ON'nc- N- Cc cL0 in m -4 '. 0 i u" .04 '.o CC%0
u n i Cj r, %0* M-4 C cl %J -4 --4 (J -4 , , 4= CJ

q* q;-IC D a, c D4

C.) in L. 4- u = " -4 01 r-. q- C% ON '.0 m .W O 0 m a C' M ~ r-. -'r C
c.* in ai w Or in .- ' C n r. i- C) . t 0 j . W

0' 0' CM LA) =n =~ U L . \ ~ ~ . \ ' 4 CJ
4- - 0 L

* ~ & r~ r- V-4 CO ' Q . A0 A n 0 - i!. C
4: "o e.0 "I~ r". C6. -4 -D - -n P, to

aM rl O-0 O %0 - - -M "i- -4s -- 4

-4~~~-- - C\A C~. r-. -4j to ( O - m 4
r"L u cn (D "n Ln M~ '. ' - n 0 i. m- m w. %a V' W% ., en U, v

. ~ ~ 1- -4 -4 -4e~ n 0- _ A4'.r~ -* ~ 0
CVr=r 0 CD' 00 ' 000 '00 ' ' ' ' ' ' 0

04l~ L. 0 con C.n ~ ~ 0 i n ' a ~ 0 o
0 E -4 aI-. MA 0-Rr'i in %D rl Ci4 = - n : LA W r - COJ 4mJ 4

(71 5- L&J4 1- 04 -4 in CJ CJ en- -n
4,w-O Z4h ve ~ w %J

* ~ LA .

4JJ 0 4JGD-

EU 0 D r, t m0 c o 0 -WfD CA- Ln 0 cn

u #.. in ." .J

C~j114
*~~~~~~~~~c . .......................



- - ,two- vr9w5 w

- eqCI C%J 04 c~j C'.1 c C%j e ~j c',i4 CI C% CJC4 C% l Ci J CC'J4 04 C c 211

-a oI M - o oI- - 4 I- - - -o I

ot *o 3

0 CD, 0 0
=~ 3 , KxxX:

%C - -O

cl r- D 0

0 0 0>C

:I -- - -

(-) r,, Ln) -4 r., 04J 1- 1-0 C-f C-J CO .j e~ - .-

. 40 . 0i

ci

=~ ~ C'm 4=J 0J CDJc.~Ci~. \ J~. (J~ .j~j~ . \ C J (J CJ CJ~

0 .---- 1- -- 4 -4 -1-"-4 -4-4 -4-4-4

M W*~~~W Co - +[ . .- 4 . . -- +444 -- --- +4

'.0~~ .-4 + + 4- . .- 4 . . -. 4.4.4. + .4. + +-

o .
-H cc. -. 0

00

to to >10)-

W I.. MU *.- ( (U ) W ) 'a u 4
i "0c m(1 ) -0 .- a U In -t---o

0)I **-. . . - 0- '0 S- o. as r
00 E m (U z (u 4) c - 0 t

U 0 0 T; Q >-

115



Go
ca I

cc0

~CIO

LaJ

2r CJ m~

t- w

La.

LL CL AO

oA c

La

cnn

m F4 4:

>1

C116



Iv- cr

4) 06

010 4

) 1 a

C3

* ~U)0
a 3: 00 0 0) O00 C0f- 0~ %000C)0iflC0 ) ) 0o0- C-4 0

-0 -0 C) (Y) C) Co .: 4n

I= Csj- I

4GJ

*O0 C- (D r- C> CCJC'.aC C

4)E ccL ) c ; 66 6 C ;C;66C ;8

0-43 m C .4 * l.

0 Wc 0Os 4400 00000-0

W L. 3~ C'V

a) 1 4) C; K4 * K...............................

C 1-44L

CL0

0 *D C) 0.

CC1 go L

0 6- x C -4 C - Z C). CJ' LO'O D C(DD 0l OO O C DC) 0C00)' C

4- '0 It

CILC

4)C UV .

. S- '
4-4)

4- 4)i 40 00 to (a to)Q 06fl 0 WOO WOVaOW L.
0o 0) a,) la-4 00- 0J OOO 4OO 4OOOO) r

= go0t aL oA L LC LC J'
la '4 W 000 s 04 IC. L

C>)o cc C'! 0) -vCt CA t0 S. 40 0000 =O to
C9-0 0

0117

0.>



13%

C) Gil 000 ON CD m ) D 00) C ( C0C r-

-n 0) co) tD .4 ClC .C C ) C

04

C. C:) .l w 40C .ClCDC lC Dt

m) 000 C) 00C00 0 .O .- 4C 86

ca

C)CoC) O CD00 C ) l 00 4d0 00- 00C )C C ) C -4
I-0

U

Eu

0) 0o 0) r- ~ ~ r. 0n 0(v) C> CC C ) >

0 0> w) m0f~0 0 0) 0C' - C m

(U 4-) uv IA U

I= 4.0 Cv

000 CL) go% OO O O 4) -

4.V CS

Q V MO 0 toto0)~ 00 to* t ob

I.u 00 d) toCJ I0 0 0 M.4 -
-0. o M'a*

000 Ir- 0 C >%"O >-0 u)C' w
C") I- #j > r- a) E0,U-- Uf

Oi 0 0-' 4- ,- r0- go 000, C: C C C c
wu w F- in coCL- iU0.r ) X

U-. 00 40 00-4.-000C)00 0 r-



oD 0l 0 r-s0 000j D 0 0 000000000000C CDCDCDCDC C

LLIC U 0n U0 Cf~l 4mCO ( D 0O C C) > DCDC 0 q 0 C' O

LA.I wJ"

Cv .. . . .

0 &flC ~0 o;4 00 0 0 0~

CC -

C) 40 0n 0.1 CD COO (DCjCD C ) )c 0 0w 0 0 oo OO CCO

C* 0o C- 0 C'J t Cs 0 ; C010 OJ C;0000"40000 C

06
4) C>) 0 m 0" ql0 L M %0 0 C0 00 00040(DCoO CDDCIC>-4)

0 ) cl

9-4

v-I 40~ 0l I 4C ;C ; C;) Cn"u) 0 0.40C)1 0 6 cC

v-I "4v-4

I-

C.) 00 0 C) IC C ) QCD c C0cJ 0) 0 00000C>C0a" 0C

a- a
W 0 0 m- to v40 C) 0eCD C 0D a oooDCDCO r..Q.QO(DC -4

.. . . . . . . .

ui ~ 0; C;OCJ C; i0100 10 0 00 c cl0 CI0 0o0D > 0 CD

C3,
co ~ 0 6 6 4 U C;0 0040 0; eO000000D0oc0c0v- c, ; C

CD 0 
Ve) 0%'J O OO O O W

0- qu- CD CWJWC - C 0 4C >9- n DC

04

C%4J 4JC'

00

Vv -L. = orIa0 o004 0 LC-L J--

'a' 'a a a U "- tL ~ 0 0o 6
r- 0- %. 4J0 ( i LO -

0) s. .c L.L. -4 0 A I C

0 1 - .9 U

119



00 CDDCC)CC D( CD00 0 0 CD

LAJ 000) C r-
L) 0. lC )C lmC Qw~ D 00 0 00 0 0Ce

m 0) 0 C O...................... ClCD c
000 00 00 0.- ON

~~00

* C;C C O6;8C

ILI 3: C~j C. m
14 0 000 O 00 0 00 0 00C DC C DC D Dm m

- ~ C'* 0D to 00 00 00 0D4 - C oC C ) C-4

4'1 4= . (7 CoC >C DC C )C .

0) 000 r- 0-. AmOO 1.

-j
Cc ~ C ) c C n0 %D O L CJ0CD 00 C) M e

-4 6 6 C; C4 C;66C (0 6 6C

000C .- 1 CD0. -4 cl C0m0Q000 0(0 .
0.O

000 6 s C O r( C O 01.00 C -

oD 00C o C )C)C C )0 C) 00 C 0LA C l C 1

- C
CD (

u ~ ~ ~ . 0UC DCD L ) -4 1ciC 0w DC'J cli) CD ) C)t

o- 0DC V C D tD0CI00.D M (Y) 0 0 CD C
c0,

000 CO 00 0 00 0 00

0o 00

U.) 0 0 A 00 0 C 1 0 (
m~ 0D ej a ON (D a .n I, a a DaCDa C

C)J00 C-i 0CJ. 0 .4 0 0C C;c l C,) j
r to C~j0,

O0co.-
C., C-D0 CD ~04 00 CD O D40 lC C DC

V)C M C % >

-) E LU 7--

0 0 .0- 40 4 0 !: Ci 1 4 4-

__ S. 0r 0r U VC 0' 4 0'
0 ~ ~~ ~ ~ ~ r-. to. CJ. D' . ) -S

tu 0 4-1 3c. a>) 06 10 S .r 4 Lr )3
Eu.) 1/) = - C C ..a> 0to(

o)~~~~C. Eu Eu 44>r ) MU r L
u~~~E u s-CIi.>.=C - L0

CP- .- E 04 M)0 .C .
o C V 03 ~4.) 4.7-4.

C.) ... 033.w-Eu V .w-120E



Table 35 Phylogenetic list of invertebrates collected on the St. Lawrence Riverduring the present time frame (1969-1983).*

Phylum Porifera
Order Haplosclerina

Family Sporgillidae (Sponges)

Phylum Coelenterata
Class Hydrozoa (Hydroids) - colonies

Phylum Platyhelminthes

Class Turbellaria (Flatworms)

Phylum Nematoda (Roundworms)

Phylum Nematomorpha (Horsehair worms)

Phylum Bryozoa (Moss animalcules) - colonies

Phylum Annelida
Class Oligochaeta (Aquatic earthworms)

+Class Polychaeta (Worms)
Class Hirudinea (Leeches)

Order Rhynchobdellidae
Family Glossiphoniidae
Family Piscicolidae

Order Gnathobdellidae
Family Hirundinidae

Order Pharyngobdellidae
Family Erpobdellidae

Phylum Arthropoda
Class Crustacea

+Subclass Ostracoda
+Order Podocopa (Seed shrimp)

Subclass Malacostraca
Division Peracarida

Order Isopoda (Aquatic sow bugs)
Order Amphipoda (Scuds)

+Division Eucarida
+Order Decapoda (Crayfish)

Class Arachnoidea
Family Hydrachnellae (Hydracarina) (Water mites)

Class Insecta
Order Collembola (Springtails) - adults
Order Ephemeroptera (Mayflies) - larvae
Order Odonata (Dragonflies, Damselflies) - larvae
Order Hemiptera (Bugs) - adults

+Order Hymenoptera (Ants, Bees, Wasps) - adults
Order Megaloptera (Alderflies, Dobsonflies, Fishflies)

Family Sialidae - larvae
L9... Family Corydalidae - larvae

Order Sisyridae (Spongilla flies) - larvae
* . Order Trichoptera (Caddisflies) - larvae, pupae, +adults,
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Table 35 (Continued)

Order Lepidoptera (Aquatic caterpillars) - larvae
Order Coleoptera (Beetles)

Family Haliplidae (Crawling water beetles) - larvae
Family Dytiscidae (Predaceous diving beetles) - larvae, adults
Family Hydrophilidae (Water scavenger beetles) - larvae
Family Elmidae (Riffle beetles) - larvae
Family Curculionidae (Weevils) - larvae
Family Coccinellidae (Ladybird beetles) - adults
Family Elateridae (Click beetles) - adults

Order Diptera (Flies)
Suborder Nematocera

Family Tipulidae (True crane flies) - larvae
Family Culicidae

Subfamily Chaoborinae (Phantom midges) - larvae
Family Chironomidae (Midges) - larvae, pupae

+Subfamily Chironominae - larvae
+Subfamily Tanypodinae - larvae

Family Ceratopogonidae (Punkies) - larvae
Suborder Brachycera

Family Athericidae - larvae

Phylum Mollusca
Class Gastropoda (Snails, limpets)

Subclass Prosobranchia
Order Mesogastropoda

+Family Bithyniidae
#Family Viviparidae
Family Valvatidae (Round-mouthed snails)
Family Hydrobiidae
Family Pleuroceridae (River snails)

Subclass Pulmonata
Order Bosommatophora

Family Lymnaeidae (Pond snails)
Family Physidae (Pouch snails)
Family Planorbidae (Orb snails)
Family Ancylidae (Limpets)

Class Pelecypoda (Clams, mussels)
Family Unionidae (Freshwater mussels)
Family Sphaeriidae (Fingernail clams)

• USFWS 1979.

+ Mills, Smith, and Forney 1978a. (not taken in 1979).

# Lawler, Matusky, and Skelly 1977. (not taken in 1978 or 1979).
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V. FOOD WEBS

Pre-Seaway

Very little information is available on the food web structure in the St.
Lawrence River prior to the Seaway. The 1952 study of plankton and other
invertebrates conducted by the Academy of Natural Sciences of Philadelphia
(1953) and a 1930 study of food habits of selected fish species conducted 'by
Sibley and Rimsky-Korsakoff (1931) provide the only data available. Therefore,
any description of the food web during this time frame will be rather sketchy.

Insects were relatively abundant on the St. Lawrence River and provided a major
food source for many fish species. Among the major game fish species that fed
on insects were northern pike (Esox lucius) juveniles, smallmouth bass
(Micropterus dolomieui) adults and juveniles, yellow perch (Perca flavescens),
rock bass (Ambloplites rupestris), pumpkinseed (Lepomis gibbosus), and brown
bullhead (Ictalurus nebulosus) (Table 36). Other common species that consumed
insects were alewives (Alosa pseudoharenus), white suckers (Catostomus
commersoni), and johnny darters (Etheostoma nigrum) (Sibley and Rimsky-
Korsakoff 1931).

Other invertebrates, particularly amphipods, isopods, and molluscs, were also
important food sources for fish. These were readily consumed by brown
bullhead, northern pike juveniles, yellow perch adults, and pumpkinseed adults
(Sibley and Rimsky-Korsakoff 1931).

Most of the major gamefish species were partly or wholly piscivorous. Walleye
(Stizostedion vitreum vitreum) adults and northern pike adults were almost
totally piscivorous. Other piscivores included brown bullhead (over 12 cm),
smallmouth bass adults and juveniles, largemouth bass (Micropterus salmoides),
yellow perch, pumpkinseed, and brown bullhead. Alewives were also found to
consume young perch fry (Table 37) (Sibley and Rimsky-Korsakoff 1931).

Post-Seaway

Food web studies on the St. Lawrence River during the post-Seaway time frame
are non-existent. This represents a data gap that cannot be filled.

Present

A variety of studies have been conducted on the components that make up the
food web of the St. Lawrence River, but only one study (Cooley 1978) attempts
to tie these components together (Fig. 18). Cooley found the data set for the
deep water zone (> 10 meters deep; defined differently than our habitat
descriptions) to be more complete than other data sets, due mainly to sampling
difficulties in other zones. In the deep zone, the phytoplankton community
turns over almost daily. Detritus is an important component of the deep water
zone food web (Figs. 19 and 20).

The shallow littoral zone (< 5 meters deep; defined differently than our ."

habitat descriptions) has a greater diversity of habitats and thus is more
difficult to sample quantitatively. The detrital component is also very
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Table 3o Food habits of fish sampled in the St. Lawrence River in 1930.
Foods-recorded in percentages.*

Length No. of Surface Aquatic

Species (cm) Date records Zooplankton drift insects Miscellaneog'T

Lake sturgeon - - 9/10 2 .... 30 Snails 70

Mooneye 31.0 7/3-4 7 - - 100 "--

Whitefish 1.5-3.0 6/6-17 18 100

Shorthead 8.6 6/20 1 .... 100
redhorse

*Longnose dace 4.0 6/6 1 - - 100 - - Caddisfly eggs

Fallfish 6.0 7/1 4 - - 100 - -

4.4-7.7 8/13 9 - - 50 50

Emerald shiner 2.6-4.4 6/17 10 60 - - 40

-' Sand shiner 5.4 7/1 1 - - 100

Spottail shiner 3.0-3.9 6/6 5 -- 80 20
7.0-8.4 6/6 5 - - 100 - -

4.0-4.4 6/21 5 100 .. ..
7.0-8.7 6/21 3 .... 100
7.0-8.4 6/30 6 - - 100 - -

4.0-4.4 6/30 8 70 30
6.0-7.3 8/13 5 -- 30 70

Mimic shiner 4.0-5.3 6/21 10 85 - - 15
" " 4.2 7/1 8 .... 100

Bluntnose minnow 6.5 6/30 5 - - 50 50
4.9-6.6 6/21 5 - - 100 - - Caddisflies

Cutlips minnow 3.1-5.2 6/17 2 .... 100
6.8 6/30 1 .... .. Molluscs 100

Banded killifish 2.7-4.0 6/30 8 15 - - 60 Amphipods 25

Logperch 4.6-5.2 6/6 5 .... 90 Fish eggs,
amphipods 1o

Logperch 4.7-5.8 6/21 11 - - 15 55 Fish eggs 10,
snails 10, - i
amphipods 10

Logperch 5.7 6/30 8 75 Amphipods 20,
molluscs 5

Logperch 7.6 8/13 2 100- .- 10

Channel darter 4.0-4.7 7/21 7 100 7 - 710

Mottled sculpin 3.3-4.5 6/6 4 .... 95 Amphlpods 5
i" " 4.6 7/1 1 .... 5 Amphipods 95

1.9 7/21 5 .... 60 Amphipods 40

*Sibley and Rimsky-Korsakoff 1931.
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Table 37 Food habits of piscivorous fish sampled in the St. Lawrence
River in 1930.*

Piscivore Fish found in stomachs

Alewife Yellow perch fry

Northern pike Mooneye, white sucker, spottail shiner, common
shiner, fallfish, bluntnose minnow, bullhead,
mudminnow, logperch, johnny darter, rock bass,
brook stickleback, three-spined stickleback,
yellow perch

Fallfish Unidentified fish

Brown bullhead Pumpkinseed, white sucker, pearl dace

Pumpkinseed Yellow perch

Smallmouth bass White sucker, brassy minnow, northern redbelly
dace, yellow perch, johnny darter, slimy
sculpin

Largemouth bass Unidentified fish

* Yellow perch Yellow perch, johnny darter, brook stickleback

Walleye Yellow perch, johnny darter

Slimy sculpin Unidentified fish

*Sibley and Rimsky-Korsakoff 1931.
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important in this zone; macrophyte productivity enters the food web primarily
through the detrital pathway (Figs. 21 and 22). The shallow littoral zone is
also important because it provides habitat for different life-history stages of
fish. Dense macrophyte beds provide refuge from predators and serve as resting
areas (Cooley 1978).

The wetland zone siports a complex food web that is driven by detritus from
marsh plants. Periphyton may also be an important component in this food web
(Fig. 23). Wetlands are important as refuge, resting, and feeding areas for
many fish, especially larvae and young-of-the-year. They also provide nesting
and breeding sites for other organisms. Several species of fish appeared to
move into the wetlands during the winter (Cooley 1978).

In general, the "dominant autochthonous energy source is probably periphyton or
macrophytes in the St. Lawrence River" (Cooley 1978). Because of the
complexity of the River, which includes extensive wetland, island, and shoal
areas, it is difficult to construct a single food web for the entire River
(Cooley 1978).

A study of food items of juvenile fish was conducted in 1976 by Johnson (1983).
He found that the major food items of juveniles were chironomids, cladocerans,
amphipods, corixids, and fish (Table 38). Young-of-the-year largemouth bass
(Micrcpterus salmoides) became piscivorous by the time they attained a length
of 60 millimeters. The greatest overlap in food usage occured among juveniles
of smallmouth bass (Micropterus dolomieui), yellow perch (Perca flavescens),
and pumpkinseed (Lepomis gibbosus). Amphipods were found to be locally
important food sources for juvenile fish.

In the Cape Vincent area, largemouth bass juveniles fed primarily on fish and
amphipods, while in the Massena area they fed on corixids and fish. In
Morristown, corixids, amphipods, and baetid mayflies comprised the bulk of "
their diet (Table 38). Alewife (Alosa pseudoharengus) juveniles fed primarily
on cladocerans in the Cape Vincent area, while copepods were also an important
dietary component in the Massena area. Smallmouth bass juveniles fed on
amphipods and dironomids in the Morristown area. They utilized chironomids
and corixids in the Massena area. Yellow perch juveniles preferred chironomids
in the Massena area, but showed a preference for amphipods in the Morristown
area (Johnson 1983).

In summary, although a variety of studies have been conducted on various
components of the food web, the complexity of the system makes it difficult to
tie these components together and relate them to the system as a whole. More
specific quantitative data for selected areas will be needed to describe the
food webs of the St. Lawrence River.
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Figure 23. Conceptual outline of the food web for the wetland zone in the
St. Lawrence River (marshy area and streams). (Cooley 1978)

FISHES
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Table 38. Stomach contents of juvenile fish collected at three sites in the St.
Lawrence River during August 1976.*

Percentage of dry weight

Rock Smaliniouth
Largemouth bass bass bass Alewife

*Food CV, T MS3  CV MT MS CV MS

Invertebrates
Planariidae - - - - - - -

Hi rudi nea -- -- -- --

Cladocera -- - - 20.52 0.55 -- 96.64 83.85
Copepoda -- - - 0.75 0.07 -- 1.60 11.38
Ostracoda -- - - 2.99 0.02 -- 0.25 1.60
Hydracarina -- - - 17.91 -- -- -- 0.01
Isopoda - - - - -- ------ -- --

Amphipoda 19.24 37.77 -- 12.69 69.83 5.56 -- 0.10
Collenibola -- - - - -- - 0.01
Leptoceridae -- - - 0.37 -- - -

Epheneridae -- -- - - - - -

Baetidae -- 10.58 - -- - - -

Coenagrionidae - - --- 1.85 - -

Caenidae - 4.91 -- -- - -

Corlxidae -- 42.49 47.09 - 9.26 - -

Trichoptera (pupae) -- -- -- 5.81 -- - -

Hydroptilidae - - - -- - - -

Dytiscidae -- -- -- -- -- -- - -

Chironomildae 2.38 1.89 8.07 44.40 23.72 74.07 1.51 3.05
Ceratopogonidae - - - - - - - -

Diptera (aerial) - - - -- - - -

Syrphidae -- - - -- - -

Homoptera - -- -- -- --- -- --

Hymenoptera -- 2.36 - - - - - -

Lepidoptera -- - - 0.37 -- - -

* . ~Gastropoda - - - -- - - -

Planorbidae - - - - - - -

Physidae --- -- - ---- -- --

Hydrobiidae - - - - - - -

Fish
Etheostoma. spp.- - - - 1.86 - -

Aeife (post larvae) 7.13 - - - - - - -

Unidentified 71.25 -- 44.84 - 7.40 - -

Number of fish examined 15 7 10 20 20 15 20 20
Length (in)

Mean 59 71 66 34 42 99 49 100
Range 35-68 63-77 61-72 30-38 30-50 57-137 39-57 91-109

* *Johnson 1983
'Cape Vincent
Norri stown
Imassena
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Table 38 .(continued)

Percentage of dry weight

Brown Black Pumpkin- White
bullhead Yellow perch crappie seed perch

Food MT MT MS MS MS MS

Invertebrates
Planarildae -- 0.87 --- -

Hirudlnea -- 5.43 -- -- -- --

Cladocera 0.75 0.24 0.04 15.38 1.62 40.69
Copepoda 5.45 0.01 0.02 - 34.12
Ostracoda 2.22 0.67 0.03 1.28 2.06 6.03
Hydracarina 0.13 0.29 0.08 -- -- 0.05

FaIsopoda 30.27 2.96 -- -- -

Amphipoda 30.54 49.17 8.20 4.70 0.44 0.34
Collembola--- --- -

Leptoceridae --- - - -0.05

Ephemeridae -- ----- 0.33
Baetidae 2.82 - -- 0.05
Coenagrionldae -- -- -- -

Caenldae 2.62 - - - --

Corixldae 4.54 -- 2.68 37.18 0.32 7.10
Trichoptera (pupae) -- ---- -- -- --

Hydroptilidae -- 3.59 - 1.50 0.10
Dytlscidae 2.72 -- -- -- -- --

Chironomidae 17.15 33.68 87.28 41.03 93.63 10.99 '-

Ceratopogonidae 0.79 -- -- -- 0.06 0.10
Diptera (aerial) - -1.34 - --

Syrphidae -- 0.78 --- -

Homoptera,- 0.71 - 0.06 -

Hymenoptera - - ---- - ---

Lepidoptera- - -- -- 0.31 -

Gastropoda - 0.26 0.33 -- --

Planorbidae -- 0.34 --- -

Physidae -- 0.52 -----

Hydrobildae -- 0.48 --- -

Fish
Etheostoma spp. -- - - --

Aeife (post larvae) --- -- -

Unidentified . -- - 0.43 -- 0.05

Number of fish examined 10 20 20 20 20 20
Length (Wn
Mean 74 103 122 110 88 119
Range 60-92 95-114 106-143 100-135 77-113 109-134
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VI. FISHERIES

Historical Trends

The St. Lawrence River has supported an excellent and diverse fishery resource.
A wide variety of habitats, produced by the many bays, shoals, islands, and
quiescent areas, have been available. Construction of the St. Lawrence Seaway
and Power Project altered some of the habitat resources. However, they still
support an excellent fishery resource with great diversity. A big threat to
the fishery resource in recent years has been toxic contaminants. The
contaminants are causing some species to be potential health hazards to
consumers. They may also be impacting the health and abundance of fish
populations.

In order to evaluate the impact of man-caused changes in the St. Lawrence on
the fishery resources, twelve species were chosen as "indicator species" (Table
39). All of the species selected are important as gamefish, panfish, or have
been important in the commercial fishery. Forage fish were not chosen due to
the scarcity of information (such as relative abundance) regarding these
species in the literature on the St. Lawrence River. The twelve species chosen
were lake sturgeon (Acienser fulvescens), northern pike (Esox lucius),
muskellunge (Esox masquijnony). brown bullhead (Ictalurus nebulosus), white
perch (Morone americana), rock bass (Ambloplites rupestris), pumpkinseed
( 0mis 7----bbosus), bluegill (Lepomis macrochirus), smallmouth bass
(Micrcpterus dolomieui), largemouth bass (Micropterus salmoides), yellow perch
(Perca flavescens), and walleye (Stizostedion vitreum vitreum).

Based on the available information, the relative abundance of the indicator
species ranged from "absent" to "abundant" during the pre-Seaway period (Table
39). White perch was the only one of the indicator species not present in the
pre-Seaway period. Those species listed as "abundant" were brown bullhead,
rock bass, pumpkinseed, and yellow perch. All of these species have remained
"abundant" into the present time period. In addition, one species, smallmouth
bass, which was "common" through the post-Seaway period is now considered
"abundant".

Some species have shown a marked decline over the years. Lake sturgeon declined
from "moderately common" in the pre-Seaway period to "uncommon" in the post-
Seaway period to "rare" at present. Walleye also declined, from "common" to
"uncommon. Muskellunge may have declined slightly since the 1930's.

A total of 99 species of fish have been captured on the St. Lawrence River in
various surveys, starting with Greeley and Greene in 1930 (Table 40; also see
Tables 52 and 63 in Appendix A). A maximum of 93 species has been captured in
any one survey.

The Canadian commercial fish catch statistics illustrate some trends on the
River (Table 41; Figs. 24 and 24a). For the 1924 through 1960 period, the
statistical district extended from Gananoque, Ontario downriver through, and
including, lake St. Francis. From 1961 through 1980, the statistics are from

. . the same area plus the reach from Tibbetts Point to Gananoque. Total catch
fluctuated in the early years, but no major decline occurred until 1938, when
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Tablel_. The occurrence and relative abundance' of certain indicator
species of fish in the St. Lawrence River during three time
frames.*

Pre-Seaway Post-Seaway Present

Species . 1930's 1940's 1950's 1959-1968 1970-1983

Lake sturgeon 2  M M M U R -.

Northern pike A C C M C

Muskellunge M- - U U

Brown bullhead A A A A A

White perch 0 0 0 O-R C

Rock bass A A A A A

Pumpkinseed A A A A A

Bluegill5  R R U U U

Smallmouth bass C C C C A

Largemouth bass M M M M M

Yellow perch A A A A A -

Walleye6  C C - U U

'Based on a variety of trapphng methods (seines, gill nets, trap nets,
electrofishing), creel censuses, angler diaries, and commercial catches.
R (Rare) < U (Uncommon) < M (Moderately common) < C (Common) < A
(Abundant). 0 = Not known to occur in the St. Lawrence River. - = No
information.

2The lake sturgeon commercial fishery in the St. Lawrence River had already
collapsed by 1930. Greeley reported them to be moderately common in the
lower river in 1930 and rare in the Thousand Islands in 1931. He reported
that 18 licensed commercial fishermen took a little over 6,000 pounds of
sturgeon in 1929. However, this may have represented only 100 fish or so.

SProbably has never been very common in the St. Lawrence River. Greeley
found them rare in the lower river (Ogdensburg to International Boundary)
in 1930 but moderately common in the upper river (Thousand Islands) in
1931. They are apparently declining but can still be found concentrated
in local areas by experienced anglers and guides.

'White perch were not native to the St. Lawrence River. They appeared in
Lake Ontario in the late 1940's, probably via the Oswego River after moving
westward from the Hudson River up the Mohawk River-Barge Canal System. - -
They are now well-established and abundant in Eastern Lake Ontario and
have moved down the St. Lawrence River.
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Table 39. (continued)

sThe bluegill may not eyen have been present in any great numbers in the
St. Lawrence River although they are common in localized areas of
suitable habitat. River-wide they do not appear to comprise a significan.
species.

6Greeley found walleyes common in the lower river and moderately common in
the Thousand Islands in 1930 and 1931. Canadian commercial catch figures
show a fair amount taken in the 1940's, but a sharp decline from the late
1950's on.

*Anon. 1982; Division of Fish and Wildlife 1972a,b; Dolan 1982b; Dunning

1979a,b; Dunning and Evans 1979; Dunning, Evans, and Tarby 1978; Dunning,
Tarby, and Evans 1978; Hamilton 1974; Hart 1979, 1983; Jolliff and Eckert
1971; Jolliff and LeTendre 1966; LeTendre and Schneider 1970; Marean 1976;
McCullough 1982a,b; McLeod 1961, 1963, 1964, 1965, 1966a,b; NYS Dept. of
Env. Consv. 1981a,b; Ontario Ministry of Natural Resources 1981;
Osterburg 1981, 1983; Panek 1979; Readman 1971; Ridgley 1976; USFWS 1976d,
1979; Werner 1976; Werner and Ford 1972.
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dropped below 20,000 pounds and remained there until 1943. Sturgeon, eels,

northern pike, and catfish dominated the catch during these years, along with a

large group of assorted unclassified fish (generally around 50 percent of the
total catch).

Catches increased steadily through 1950, then rapidly declined. Yellow perch,
catfish, and eels comprised the bulk of the catch during this period (Fig. 24).

The catch during the 1960's and 1970's fluctuated from year to year, but
averaged around 350,000 pounds per year. It appears from the statistics that
the bulk of the catch was taken in the upriver section. These data were not
included in earlier statistics. Carp, bullhead, sunfish, and yellow perch
dominated the catch during the 1960's. In 1970, carp contributed 56.4 percent
of the total catch. Carp harvest has declined steadily, bottoming out at 0
pounds in 1980. Yellow perch, sunfish, and bullhead dominated the catch
throughout the 1970's.

Several fish species found in the St. Lawrence River have been/are listed as
endangered, threatened, or special concern species by the New York State
Department of Environmental Conservation (DEC). The species listed as
endangered are the round whitefish (Prosopium cylindraceum), pugnose shiner
(Notropis a eastern sand darter (Ammocrypta pellucida), and deepwater
sculpin (Myoxocephalus thompsoni) (Table 42). The State-listed threatened
species include lake sturgeon, mooneye (Hiodon tergisus), and longear sunfish
(Lepomis megalotis). The species of special concern are the blackchin shiner
(Notrcpis heterodon) and the black redhorse (Moxostoma duquesnei).

No fish species found in the St. Lawrence River are listed as endangered or
threatened by the U.S. Department of Interior.

The River as a Nursery

Pre-Seaway

During the pre-Seaway period, much of the River was an important fish spawning
and nursery area. Since biological studies prior to construction are rare,
data on fish spawning success are scarce. The few surveys that were conducted
concentrated on specific sites, rather than the entire River. Several sites
along the River were found to be excellent spawning and nursery areas for a
variety of species. Much of the spawning and nursery data have been compiled
by Goodyear, et al. (1982a). Much of the pre-Seaway data was drawn from
surveys by Greeley and Green (1931).

Smallmouth bass (Micropterus dolomieui), one of the most important gamefish
species on the River, was found to spawn throughout the River. Preferred
spawning habitat was generally inshore in 3 to 15 feet of water over gravel
shoals and rock ledges. Many of the tributary streams hosted large spawning

-'. runs, with most of the spawning occurring near the mouths of the tributary
streams. Among the major tributary streams where smallmouth bass were found to
spawn in significant numbers were French Creek, Cranberry Creek, Chippewa

" . Creek, Tibbits Creek, Little Sucker Brook, Brandy Brook, Grasse River, and
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Table 42. Endangered, threatened, and special concern species of New York
State (NYSDEC 1983).-

I. ENDANGERED1

Molluscs

(T) Chittenango ovate amber snail Succinea chittenangoensie

Insects

Karner blue butterfly Lycaeidee melissa

Fish

(E) Shortnose sturgeon Acipenser bretvirostrwn
(E) Longjaw cisco Coregonus alpenae

* Round whitefish Prosopium cylindracewn
* Pugnose shiner Not ropie any genus
* Eastern sand darter Armocrypta pellucida
Bluebreast darter Etheostoma camurwn
Gilt darter Percina evidee

(E) Blue pike Stizostedion vitrewn glaucum
Spoonhead sculpin Cottus ricei
*Deepwater sculpin Myoxocephalus thompsoni-

Amphibians

Tiger salamander Ambystoma tigrinum

Reptiles

Bog turtle Clenmys muhienbergi
(E) Leatherback sea turtle Dermnoche lye coriacea
(E) Hawksbill sea turtle Eretnochelys imbricata
(E) Atlantic Ridley sea turtle Lepidoche lye kemrpii

Massasauga rattlesnake Sistrurue catenatue

Birds

*Golden eagle Aquila chrysae toe
(E) * Bald eagle Haliaeetue leucocepha lus
(E) * Peregrine falcon Falco peregrinue
(E) * Eskimo curlew Nurnenius borealis

Least tern Sterna albifrons
Roseate tern Sterna dougallii

*Loggerhead shrike Lanius ludovicianus

154



Table 42. (Continued)

Mammals

(E) *Indiana bat Myotis soda lie
(E) Sperm whale Physeter catodon
(E) Sei whale Ba laenoptera borealis
(E) Blue whale Ba laenoptera muscu Zus
(E) Finback whale Balaenoptera physalus
(E) Humpback whale Megaptera novaeangliae
(E) Right whale Balanea glacialis
(E) * Gray wolf Canis lupus
(E) * Cougar Felis concotor

II. THREATENED
2

Fish

* Lake sturgeon Acipenser fulvescens
* Mooneye Hiodon tergisus

Lake chubsucker Erimyzon sucetta
Mud sunfish Acantharchus poinotis
*Longear sunfish Lepomis meqalotis

Amphibians

Cricket frog Acrie crepitans

Reptiles

Mud turtle Kinos ternon subrubrum
*Blanding's turtle Emydoidea blandingi

(T) Loggerhead sea turtle Care tta caretta
(T) Green sea turtle Chelonia mydas

Timber rattlesnake Crotalue horn due s

Birds

*Osprey Pandion haliaetus
* Red-shouldered hawk Buteo Zineatus
* Northern harrier Circus cyaneus
* Spruce grouse Dendragapus canadensis
* Piping plover Charadrius melodus
* Common tern Sterna hirundo

Mammals

Eastern woodrat Neotoma floridana
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Table 42. (Continued)

III. SPECIAL CONCERN 3

Fish

Silver chplb Fybopsis storeriana
Gravel chub Hybopsis x-punctata

* Blackchin shiner Notropis heterodon,
* Black redhorse Moxostoma duquesnei
Longhead darter Percina macrocephala

Amphibians

Southern leopard frog Rana sphenocephala
Helibender Cr7vtobranchus at eganiensis
Jefferson salamander Ambustoma 3effersonianwn

*Blue-spotted salamander Ambldstoma laterale
*Spotted salamander Ambu.stomna maculatwnm

Reptiles

Spotted turtle Clenimis cuttata
*Wood turtle Cleminys ins cutpta
Diamondback terrapin Malaclemys terrapin

* Worm snake Carphophis canoenue
Eastern hognose snake Heterodon platyrhinos

* - Birds

*Common loon Cavia immer
*Least bittern Ixobrychus exilis
*Cooper's hawk Accipiter cooperii
Black rail Lateral lus jcoaicensis
*Upland sandpiper Bartramia longicauda
*Black tern C'hlidonias niger
*Common barn owl Tyto alba

* *Short-eared owl Asio flcmineus
*Common nighthawk Chordeiles minor
*Common raven Corvus corax
Sedge wren Cistothorus p latensis

*Eastern bluebird Sialia sialis
*Henslow's sparrow Anlnodrcmus hens lowii
*Grasshopper sparrow Amnodromus aavannarum
*Vesper sparrow Pooecetes grconineue

L4
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Table 42. (Continued)

Mammals

* Small-footed bat Myotis Zeibii
New England cottontail Sylvilagus transitionalis
Harbor porpoise Phocoena phocoena

(T) Currently listed as "threatened" by U.S. Department of the Interior.
(E) Currently listed as "endangered" by U.S. Department of the Interior.
* Reported for St. Lawrence River area in literature.

Any native species in imminent danger of extirpation or extinction in

New York or any species listed as endangered by U.S.D.O.I. (Code of
Federal Regulations 50 CFR 17.11).

Any native species likely to become an endangered species within the

foreseeable future in New York or any species listed as threatened by
U.S.D.O.I. (Code of Federal Regulations 50 CFR 17.11).

Native species not yet recognized as endangered or threatened, but for
which documented concern exists for their continued welfare in New York.
These species could become endangered or threatened in the future and
should be closely monitored. Species of special concern are not pro-
tected under Endangered and Threatened Species laws.

...
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Raquette River. Other areas where major spawning occurred were Carleton
Island, Millen Bay, Dodge Bay, Linda Island, Cedar Point, Beadle Bay,
Grindstone Island, Eel Bay, Goose Bay, Morristown Bay, Brooks Point,
Odgensburg, Iroquois, and Little Sny Channel. In Morristown Bay, the
smallmouth bass were found spawning in 1 to 2 feet of water among rocks,
gravel, and sticks. Many of the above-mentioned areas also served as nursery -:
areas.

Largemouth bass (Micrcpterus salmoides), another important game species, was
found to spawn in shallow embayments and marshy littoral areas. Adults were
found spawning in French Creek, Cranberry Creek, Chippewa Creek, and Eel Bay,
and near Odgensburg. The largemouth bass undoubtedly spawned in other areas,
including some of those frequented by smallmouth bass, but no largemouth
spawning was noted in these areas by the reporting investigators.

Another important game species, the northern pike (Esox lucius), spawned in
marshes and creeks. Among the locations where spawning pike were taken were
French Creek, Chippewa Creek, Tibbits Creek, Sucker Brook, and the Raquette
River. Large marshes were found near the mouths of these creeks. Another
important member of the pike family, the muskellunge (Esox , was
reported to spawn near Ogdensburg and in Tibbits Creek. Muskellunge are known
to spawn in marshy areas.

Brown bullhead (Ictalurus nebulosus) also spawned in shallow marshes along
creek mouths and bays. Some of the prime spawning sites included Cape Vincent
Harbor, French Creek, Goose Bay (particularly Cranberry Creek mouth), Chippewa
Creek, Morristown Bay, Tibbits Creek, and Coles Creek. Another member of the
catfish family, the channel catfish (Ictalurus punctatus), spawned in many of
these areas. In Eel Bay, the channel catfish were found to construct nests in
layers of submerged turf.

The lake sturgeon (Acipenser fulvescens), an important commercial fish species
in pre-Seaway days, spawned in the many tributaries of the St. Lawrence and
over gravel and stone bottoms in the shallow bays of the main River. Among the
prime spawning areas were the Oswegatchie, Grasse, and Raquette Rivers, and
near Morristown. The St. Regis River was also an excellent sturgeon spawning
area until dams eliminated much of the habitat.

In the 1820's, the Atlantic salmon (Salmo salar) was abundant in every
tributary of the St. Lawrence River, and was known to spawn in the Oswegatchie,
Grasse, Raquette, and St. Regis Rivers. By 1859, however, they were extirpated
downstream to Quebec.

Walleye (Stizostedion vitreum vitreum) were formerly abundant throughout the
St. Lawrence. They entered many of the tributaries to spawn. Brandy Brook was
historically one of the premier walleye spawning areas. Another important area
was the Long Sault Rapids. Walleye were also known to spawn in Sucker Brook,
Little Sucker Brook, the Grasse River, and the St. Regis River.

Among the popular panfish species, black crappie (Pomoxis nigromaculatus), rock
bass (Amblcplites runpestris) and pumpkinseed (_s _ibbosus) were all known
to spawn throughout the River. Rock bass spawned in a variety of habitats,
including gravel shoals, rocky ledges, and creek mouths. Millen Bay,
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Morristown Bay, and Tibbits Creek were prime rock bass spawning and nursery
sites. Black crappie spawned in the bays, creek mouths, and lower sections Of
tributary streams, including French Creek, Cranberry Creek, and Chippewa Creek.
Chippewa Bay was an important spawning and nursery area. Pumpkinseed were
found spawning at Cape Vincent and in French Creek and Tibbits Creek.

Carp (Cyprinus carpio), which were present in the St. Lawrence River prior to
1900, probably escaped from private ponds in the area. A prime spawning site
was the lagoon at the mouth of Tibbits Creek. Many other Cyprinidae were found
spawning in Tibbits Creek. These included golden shiner (Notemigonus
crysoleucus), common shiner (Notropis cornutus), and bluntnose minnow
(PiUephales notatus). Another Cyprinid, spottail shiner (Notrcpis hudsonius),
spawned near Cape Vincent and in the shallow sandy areas near Ogdensburg.
These minnow species were all important as forage fish.

Members of the sucker family (Catostomidae) were abundant in much of the River.
White suckers (Catostomus commersoni) entered the tributary streams after ice
breakup. Chiimney Bay and the Raquette River were important spawning areas.
The St. Regis and Grasse Rivers were also important areas until dams limited
the spawning habitat for white suckers. By the 1930's, these dams also
curtailed spawning runs of the shorthead redhorse (Moxostoma macrolepidotum).
However, they continued to spawn in the Raquette River and near Odgensburg.
The silver redhorse (Moxostoma anisurum) also spawned in these same areas.
Greater redhorse (Moxostoma valencieniesi) spawned in the rapids of the St.
Lawrence River; they also spawned amcng boulders in the Thousand Islands area,
where the fry then moved into the shallow fast water.

Several other species were reported to spawn in the St. Lawrence River and its
tributaries. Mooneye (Hiodon tergisus) spawned below the Oswegatchie Dam and
at the mouth of Tibbits Creek. Longnose gar (Lepisosteus osseus) spawned on
the shoals at Ogdensburg and used the mouth of Little Sucker Brook and the
lower Grasse River as nursery areas. Alewives (Alosa pseuddharengus) spawned
near Waddington and in Brandy Brook and the Oswegatchie River. They utilized
creek mouths and the shore of the main River as nursery areas. Iowa darters
(Etheostoma exile) and logperch (Percina caprodes) spawned in lower Tibbits
Creek. The banded killifish (Fundulus diaphanus) spawned near Cape Vincent. A
large bowf in (Amia calva) nursery existe near Cornwall. The first rainbow
smelt (Osmerus mordax) were reported in the River and found spawning in
Gananoque Creek in 1939.

In general, Tibbits Creek was one of the prime spawning areas for many species
of fish. All of the major tributaries, including the Grasse River, Raquette
River, St. Regis River, and Oswegatchie River, as well as the smaller ones such
as French Creek, Chippewa Creek, Cranberry Creek, Sucker Brook, and Brandy
Brook were very important as spawning areas. harsh areas and shorelines of
islands were also important to many species. Other locations besides those
mentioned above may have been important spawning areas, but they were not
surveyed or reported.
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Post-Seaway

Following completion of the Seaway, the River habitat was drastically altered.
Rapids were lost and islands, shoals, and shorelines were flooded. Some shoals
and wetlands were lost, while others were created. The dams also blocked
migration for some fish species. The net result was a decline in the abundance --
of some species and an increase in others. Some spawning and nursery areas
were lost, while others were created.

No specific surveys were conducted in the years immediately following the
opening of the Seaway. No data are available on the spawning and nursery areas
of the St. Lawrence River during this time frame. However, changes in spawning
and nursery locations and spawning success were probably very rapid following
the flooding of extensive areas and the blocking of migration routes and
spawning runs. The population declines and increases were probably more
gradual as succeeding year classes failed or were extremely successful. Within
a few years after the Seaway opening, the current spawning and nursery
locations were probably established, although others may have existed that have
since been lost to development.

Present

Several studies on the use of fish spawning and nursery areas in the St.
Lawrence River have been conducted in the last ten years, both in the United .
States and Canada. Much of this data has been compiled by Goodyear, et al.
(1982a). Despite major changes in habitats caused by flooding and dredging
associated with Seaway construction, many species still spawn successfully and
thrive in the St. Lawrence River. Other species have declined greatly. The
main cause of this decline has been attributed to loss of spawning habitat or .-

blockage of migration routes.

The most popular gamefish on the River is the smallmouth bass (Micropterus
dolomieui). This species generally spawns inshore in 3 to 15 feet of water
over gravel shoals and rock ledges. Young-of-the-year are found in the
littoral zone (Tables 43-48). A major spawning and nursery area in Canada is
the shoreline and bays of Wolfe Island. Among the prime spawning sites are
Hinckley Point, Hinckley Flats Shoal, Button Bay, Bayfield Island, Banford
Point, Beauvais Point, Quebec Head, Brakey Bay, Dignam Point, Rattray Point,
Irvine Bay, Holliday Point, Oak Point, Brophy Point, Knapp Point, Browns Bay,

Dawson Point, and Ferguson Point. Other key spawning and nursery areas
identified in the United States' and Canadian portions of the River are
Carleton Island, Cape Vincent, Quinns Point, Cassidy Point, Milton Island, The
Spectacles, Eel Bay, Point Vivian Marsh, Chippewa Bay, Morristown Bay, Tibbits
Creek, and Coles Creek.

A related game species, largemouth bass (Micropterus salmoides), spawns in
shallow embayments and marshy littoral areas. Among the prime spawning sites
on the U.S. side of the River are French Creek, Cranberry Creek, and Chippewa
Creek. Several sites around Wolfe Island in Canada were also identified as
being important. These sites were Button Bay, McGregor Bay, Macandie Point,
Beauvais Point, Irvine Bay, Navy Bay, and Madoma Marsh. (See Tables 43-48 for
data on nursery areas).

160

.-..- . . . . .. . . . . . . . . . . . . . . . . . . ... ..



Table 43 .Number of young-of-year (Y-0-Y) and yearling (1+) pan fish and game
fish caught during the summer and fall of 1976 in shore seines
between Tibbetts Point and Bartlett Point, including the western
end of Grindstone Island.* (USFWS 1976b).

Number Taken (Average Number/Hau1)

Dates 6/29 - 7/1 8/23 - 8/25 10/18 -10/19

Number of
Hauls 20 23 13

SPECIES Y-0-Y I+ Y-0-Y 1+ Y-0-Y I1+

Northern Pike 1(0.05) ---- ---- 1(0.04) -- --

Muskellunge --- ------- ---- 4(0.31) --

*Rock Bass --- 3(0.15) 32(1.39) -- -

*Pumpkinseed - 5(0.25) 23(1.00) ---- 2(0-15) --

Smalimouth Bass --- 1(0.05) 10(0.43) ------ --

Largemouth Bass -- -- 13(0.57) ------ --

Yellow Perch --- 372(18.60) 3(0.13) 25(1.09) -- 5(0.38)

Totals 1(0.05) 381(19.05) 81(3.52) 26(1.13) 6(0.46) 5(0.38)

*Fairly deep area without extensive shoals or tributaries. (16 miles long).
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Table 44 Number of young-of-year (Y-O-Y) and yearling (1+ ) pan fish and game
fish caught during the summer and fall of 1976 in shore seines
between Bartlett Point and Jacques Cartier State Park.* (USFWS 1976b).

Number Taken (Average Number/Haul)

Dates 7/28 - 7/30 9/21 - 9/23 11/15 - 11/16
Number of

Hauls 31 21 15

SPECIES Y-0-Y 1+  Y-0-Y 1+  Y-0-Y 1+

Grass Pickerel 8(0.26) 1(0.05) 4(0.19) 1(0.07)

Northern Pike 2(0.06) 3(0.14) 1(0.05) ---- 1(0.07)

Brown Bullhead 1(0.03) 1(0.03) 15(0.71) ---- 42(2.80)

White Perch 1(0.03) ----

Rock Bass 4(0.13) 5(0.16) 12(0.57) 1(0.07)

* Pumpkinseed 49(1.58) 30(0.97) 53(2.52) 64(3.05) ---- 2(0.13)

Smallmouth Bass 262(8.45) 3(0.14)

Largemouth Bass 21(0.68) 44(1.42) 86(4.10) 3(0.14) 1(0.07)

Black Crappie 9(0.29) 6(0.29) 3(0.20) 1(O.07)

Yellow Perch 3(0.10) 442(14.26) 46(2.19) 449(21.38) 24(1.60) 68(4.53)

Totals 350(11.29) 532(17.16) 219(10.43) 527(25.10) 29(1.93) 115(7.67)

*Great deal of littoral zone, many marshy bays, and numerous small tributaries -

Thousand Islands. (30 miles long).
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Table 45 Number of young-of-year (Y-0-Y) and yearling (1+ ) pan fish and game
fish caught during the sunner and fall of 1976 in shore seines
between Jacques Cartier State Park and the Oswegatchie River.*
(USFWS 1976b).

Number Taken (Average Number/Haul)

Dates 6/29 - 6/30 8/24 - 8/25 10/19 - 10/20
Number of

Hauls 26 18 19

SPECIES Y-0-Y 1+  Y-0-Y 1+  Y-0-Y 1+

Grass Pickerel --- 1(0.06) --- 1(0.05)

Northern Pike ... .....- 1(0.06) 2(0.11) --- S

Muskellunge --- 1(0.06) ......

Rock Bass --- 1(0.04) 2(0.11) 1(0.06) 1(0.05) ---

Pumpkinseed 1(0.04) 15(0,83) ---..-

Smallmouth Bass --- 38(2.11) ------

Largemouth Bass --- 8(0.31) 3(0.17) 1(0.06) 3(0.16) ---

Black Crappie --- 2(0.08) .---- ---

Yellow Perch --- 247(9.50) 351(19.50 --- 5(0.26)

Totals --- 259(9.96) 46(2.56) 368(20.44) 6(0.32) 6(0.32)

*Deep trench-like section containing very little littoral area or bottom relief.
(13 miles long).
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Table 46 Number of young-of-year (Y-0-Y) and yearling (1+ ) pan fish and game
fish caught during the summer and fall of 1976 in shore seines
between the Oswegatchie River and Iroquois Dam.* (USFWS 1976b).

Number Taken (Average Number/Haul)

Dates 7/28- 7129 9/21 - 9/22 11/15 - 11/16
Number of

Hauls 29 31 29

SPECIES Y-0-Y 1+  Y-0-Y I+  Y-0-Y I + +

Northern Pike 1(0.03) ---- 1(0.03)

Brown Bullhead 47(1.62) 6(0.21) ---- 2(0.06) 1(0.07) ----

White Perch ---- 2(0.07) .... ----

Rock Bass 31(1.07) 10(0.32) 2(0.06) 1(0.07) 1(0.07)

Pumpkinseed ---- 86(2.97) 5(0.16) 4(0.13) 3(0.10) ----

Smalimouth Bass 16(0.55) 2(0.07) 10(0.32) ...-

Largemouth Bass l(0.03) 3(0.10) 2(0.06) ----

Black Crappie ---- 29(1.00) ---- 1(0.03) --- 1(0.07)

Yellow Perch 136(4.69) ---- 67(2.16) 1(0.07) 26(0.90-

Totals 65(2.24) 295(10.17) 27(0.87) 77(2.48) 6(0.21) 28(0.971

*Area greatly changed by original Seaway project; contains several areas of high

current velocities. (14 miles long).

1
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Table 47 Number of young-of-year (Y-O-Y) and yearling (1+) pan fish and game
fish caught during the summer and fall of 1976 in shore seines between
Iroquois Dam and Moses-Saunders Dam.* (USFWS 1976b).

Number Taken (Average Number/Haul)

* ~~Dates 6/29 -718/23 - /510/18-102
Number of
Hauls 28 49 38

SPECIES Y-0-Y l ~ Y-0-Y 1 +Y-0-Y 1+

*Northern Pike 1(0.04) --- 1(0.02) --

Brown Bullhead -- 45(1.61) 4(0.08) ---- 1(0.03)

White Perch --- 2(0.07) 47(0.96) --- --

Rock Bass --- 3(0.11) 6(0.12) 2(0.04) 1(0.03) --

Pumpkinseed --- 49(l.75) 20(0.41) 51(1.04) 2(0.05) --

Smalimouth Bass -- 4(0.14) 22(0.45) 6(0.12) 1(0.03)

Largemouth Bass --- 4(0.14) 11(0.22) ---- 1(0.03)

Black Crappie --- 5(0.18) - -- 29(0.59) --

Yellow Perch 2(0.07) 128(4.57) 62(1.27) 417(8.51) 5(0.13) --

Totals 3(0.11) 240(8.57) 125'2.55) 553(11.29) 11(0.29)

*Area greatly changed by original Seaway project; contains many islands, bays, and
tributaries -Lake St. Lawrence. (29 miles long).
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Table 48 . Number of young-of-year (Y-O-Y) and yearling (1+ ) pan fish and game

fish caught during the summer and fall of 1976 in shore selnes between
Moses-Saunders Dam and the Canadian border.* (USFWS 1976b).

Number Taken (Average Number/Haul)

Dates 7/28 - 7/29 9/21- 9/22 111/15- 11116
Number of

Hauls 17 20 17

SPECIES Y-0-Y I+  Y-0-Y 1+  Y-0-Y 1+

Muskellunge 1(0.06)

Brown Bullhead 1(0.05) 6(0.30)

White Perch 1(0.06)

Rock Bass 6(0.35) 8(0.47) 32(1.60) 4(0.20)

Pumpkinseed 61(3.59) 61(3.05) 37(1.85) ... ...

Smallmouth Bass 15(0.88) - (0.05) l(0.05) ... ...

Largemouth Bass 56(32.71) ------ 5(0.25) l(0.05)

Black Crappie 1(0.06) 6(0.30) 1(0.05) ---

Yellow Perch 1(0.06) 100(5.88) 1(0.05) 68(3.40) -- -

Totals 579(34.06) 171(10.06) 107(5.35) 118(5.90)

*Area containing high current velocities and three large tributary rivers.
(7 miles long).
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The pike family (Esocidae) is probably the second most important family of
gamefish in the St. Lawrence River. The northern pike (Esa lucius) spawns in
almost every marsh and tributary stream. Spawning success is affected by low
or fluctuating water levels. Small marshes were generally found to be more

__ productive (number produced per acre) than larger ones. Marean (1976)
conducted an extensive study of pike in the St. Lawrence River. He defined a
good spawning marsh as one with a central channel with a slow flow, flooded
shallow areas along the shore, an average depth of 1.6 feet or less, dead and
decaying vegetation on the bottom, and a supply of fathead minnows (PM es
promelas) as food for the young. Along Wolfe Island, the prime spawning sites
are Hinckley Point, Button Bay, Bayfield Bay, Lewis Bay, Murray Bay, and Irvine
Bay, with most of the spawning occurring at the heads of the bays. Most of the
major tributary streams along the River also serve as pike spawning sites.
Included among these are French Creek, Cranberry Creek, Crooked Creek, Chippewa
Creek, Jones Creek, Uxrce Creek, Tibbits Creek, Sucker Brook, Brandy Brook, snd
the Raquette River. Other important spawning sites that have been noted are
Millen Bay Marsh, Madoma Marsh, Chipmans Bay, Firman's Bay, Howe island (the
head of Quinn Bay), Blind Bay Marsh, Swan Bay, Point Vivian, Morristown Point,
St. Lawrence State Park, and Flynn Bay, McCrea Bay, and Delaney Bay on
Grindstone Island. (See Tables 43-47 for data on nursery areas).

The other important member of the pike family, the muskellunge (Esox
*), has been reported to spawn in marshy areas throughout the River.
Among the important locations that have been identified are the heads of Browns
Bay and McDonnel Bay on Wolfe Island, and the mouths of Crooked Creek and
Chippewa Creek at Chippewa Bay. Recent research, however, raises questions
about the habitat used for spawning muskellunge. Instead of using shallow

. marshy areas as reported by Scott and Crossman (1973), the muskellunge may be
spawning in the River at depths of 3 to 6 feet (person. cm BL Ringler and R.
Werner, SkNY-ESF, Syracuse). Similar spawning preferance has been documented
for the Niagara River muskellunge (Harrison 1978). (See Tables 43, 45, and 48
for data on nursery areas).

The most abundant gamefish on the River, yeLlow perch (Perca flavescens),
spawns over shallow, weedy areas throughout the River. The larvae are found in
less than 12 feet of water (Tables 43-48). Among the noted sites are Cape
Vincent, Wolfe Island (Button Bay, Bayfield Island, Lewis Point, Chub Point),
Quinns Bay, Chippewa Bay, Morristown harbor, Morristown Point, St. Lawrence
State Park, Ogdensburg, Tibbits Creek, Chimney Bay, and Coles Creek.

Another very important member of the perch (Percidae) family is the walleye
(Stizostedion vitreum vitreum). The population between Ogdensburg and Massena
declined dramically between 1960 and 1970, probably as a result of the
flooding of historic spawning areas. Today, most of the walleye in the St.
Lawrence River are found downstream of the dam. Among the present known
spawning locations are Chipewa Creek and Brandy Brook. Spawning walleye still
congregate at the mouth of the Oswegatchie River, but spawning is probably
unsuccessful since the dam near the mouth of the river prevents upstream
migration.

The lake sturgeon (Acipenser fulvescens) is another species that has declined
rapidly in the last 20 years. Most lake sturgeon present in the St. Lawrence
River are found downstream of the Moses-Saunders Dam. They are rare above it.
No active spawning sites have been found in recent years.
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Centrarchids are abundant on the St. Lawrence River and are popular as panfish.
Rock bass (Ambloplites rupestris) spawn over gravel shoals and rocky ledges.
Two spawning sites recorded in recent years are Cape Vincent and French Creek.
Pumpkinseed (Lepomis gibbosus) spawn in shallow embayments and creek mouths.
The larvae are commonly found in shallow water zones of the upper River. Some
of the spawning locations that have been noted are Millen Bay, French Creek,
and Cranberry Creek. A related species, the bluegill (Lepmis macrochirus),
spawns in shallow areas throughout the River, including French Creek Marsh,
Cranberry Creek Marsh, and Chippewa Bay. The black crappie (Pomoxis
niromaculatus) spawns in bays, creek mouths, and lower sections of streams.
Among the verified spawning locations are French Creek, Alexandria Bay,
Cranberry Creek, and Chippewa Bay. (See Tables 43-48 for data on nursery
areas).

Another popular species for fishermen is the brown bullhead (Ictalurus
nebulosus). The bullhead spawns in shallow marshes in creek mouths and along
bays. Among the noted spawning sites are Cape Vincent, French Creek, and
Cranberry Creek. (See Tables 44, 46, 47, and 48 for data on nursery areas).

Carp (Cyprinus caio) have been found to spawn in flooded marsh areas in less
than 2 feet of water between Ogdensburg and Massena. Fluctuating water levels
can reduce spawning success. On Nairne Island in the Upper Canada Bird
Sanctuary Marsh, carp spawned in 2 to 4 feet of water with a muck bottom along
a gently-sloping shoreline that was periodically flooded. Scattered emergent,
submergent, and floating marsh vegetation was present. Active carp spawning in
Millen Bay Marsh has also been verified.

Members of the sucker family (Catostomidae) were found to spawn in most
tributaries of the upper St. Lawrence River, including French Creek, Mullett ___
Creek, Cranberry Creek, and Tibbits Creek. The silver redhorse (Moxostoma
anisurum) and the greater redhorse (Moxostoma valenciennesi) also spawn in the
Raquette River, with the latter spawning in the Thousand Islands as well.

The Cape Vincent area is a popular spawning site for the Cyprinidae, which are
important as forage fish. Among the species found spawning there were river
chub (Nocomis micropogon), bluntnose minnow (Pimephales notatus), longnose dace
(Rhinichthys cataractae), and spottail shiner (Notrpi hudsonius). The latter
spawns over sand shoals at Morristown Point and Chimney Point, as well as near
Cape Vincent. The pugnose shiner (Notropis anogenus) spawns in Eel Bay over
gravel and sand substrate with weed growth. Golden shiners (Notemigonus
crysoleucas) spawn in many areas throughout the upper St. Lawrence River.

Two other species of fish spawn throughout the St. Lawrence River. The rainbow
smelt (Osmerus mordax) first appeared in the St. Lawrence in 1939. It spawns
throughout the inshore waters and tributaries. Among the noted spawning
locations are Morristown, Brandy Brook, and Coles Creek. Alewives (Alosa
pseudoh'arengus), which are important forage fish, were the most common
ichthyoplankton taken in several surveys of the River. They spawn along the
inshore zone and in tributaries along the entire New York shoreline. The same
sites are used as nursery areas.
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Spawning sites of a few other species have been recorded in recent years.

Burbot (Lta iota) spawn near Morristown and Chimney Day over sand and gravel
in water 1 to4 feet deep. Iowa darters (Etheostoma exile) move inshore to
spawn near Wadington and Massena, while johnn darters ------osm i m)
spawn under rocks along the shore near Cape Vincent and ai Bay. Logerch
(Percina caprodes) spawn in the sandy shallows of Chippewa Bay, while slimy
scupins otus co tus) spawn in inshore waters and tributaries.

The literature on spawning and nursery areas is spotty. Many species
undoubtedly spawn in other areas besides those mentioned above. Other species
also spawn in the St. Lawrence River, but nothing has been recorded in the
literature regarding their use of specific sites.

The major changes in abundance of habitat from historical to present time
appear to be the loss of spawning sites and access to these sites above Moses-
Saunders Dam for walleye and lake sturgeon. In addition, numerous dams on the
major tributaries (Oswegatchie River, Grasse River, Raquette River, and St.
Regis River) have reduced spawning runs of many species. Spawning bV longose
gar (Lepisosteus osseus), mooneyes (Hiodon te and channel catfish
(Ictalurus ta was historically recorded in the River but has not been
verified in recent studies. The percent of catch for these species has dropped
considerably from historical surveys. The reason for these declines is
unknwn.

Spawning site availability of many species, such as northern pike, smailmouth
bass, largemouth bass, pumpkinseed, bluegill, brown bullhead, and rock bass has
remained relatively unchanged despite the habitat changes resulting from the
Seaway/Power Project constructin. Other species have increased their nubers

* since this construction. Among these are alewives and rainbow smelt, both ofCi- which probably invaded from Lake Ontario.

The general low level of change in abundance of fish species, with the
exception of walleye and sturgeon, is of interest. A large river was dammed
and a large reservoir (Lake St. Lawrence) was created. Usually after such an
occurrence, the flooded land and vegetation (trees, shrubs, etc.) pr-vide new
habitat for fish and a large increase in abundance is noted for oorn species.
However, from the available data. species abundance has not increased
dramatically, although aquatic habitat was increased. Some species such as
walleye have in fact greatly declined in abundance.

More research is needed to document the important spawning and nursery areas
for key species and their life history requirements.

Inde S~ee

LAKE sTU G (Acip ner fulvescens)

Habitat

There are two known remnant sturgeon populati n in the International section
of the St. Lawrence River separated by the Moses-Saunders Power Dam near
Massena, New York. The upper population utilizes the more than 100 miles of

169

:, , . . . . . .. . . .~~.*- . . .. . .. . . . . ..... .- . ..-



river betwen the dam and Lake Ontario, while the lower population is foundl in
the 9 miles of International river below the dam, although these fish seem to
beconcentrated at the dam.

Adapted for bottom feedin~g, sturgeon are usually found over shoal areas in
large lakes or large rivers, most often in 15 to 30 feet of water. Mud,
gravel, or gravel-mud bottoms are preferred (Table 49).

The lake sturgeon spawns from early May to late June. Riffles or rapids are
the prderred spawning habitat, but in the absence of suitable riffle areas,
sturgeon have been known to use wave-washed rocky ledges along the shore or
shoals around rocky islands. In tributaries such as the Oswegatchie River,
sturgeon may spawn in the riffle area at the base of the first dam. This dam
on the Oswegatchie River is about 1 mile above the confluence with the St.
Lawrence River. There has been one report of sturgeon spawning on sandy bottom
in 10 to 15 feet of water in the St. Lawrence River near Morristown, New York
(Jolliff and Eckert 1971; Scott and Crossman 1973; Goodyear, et al. 1982b).

(eApedxC for further information). *

Changes in Abundance

Enemic to the St. Lawrence River and present in large numbers a century ago,
the lake sturgeon now exists only as two remnant populations in the New York
section of the River between Tibbetts Point and the International Border.
Greeley reported the lake sturgeon as "moderately common" in the lower River in
1930 (Greeley and Greene 1931), and "rare" in the Thousand Islands in 1931
(Greeley and Bishop 1932). They were "uncommon"' in the post-Seaway period, and
are reported as "rare" in most recent surveys (Table 39).-

The owce thriving commercial fishery for this species flourished in the mid to
late 19th century. It collapsed in the 1890's and has never recovered. The
pattern found here and repeated in most historical sturgeon fisheries is of a <
high initial harvest invariably followed by a precipitous and permanent decline
(Table 41; Figs. 24 and 24a). The cause of the decline was chiefly due to-
intensive indiscriminate fishing coupled with very low annual recruitment to
the fishable population under the best of conditions. Other factors most
likely contributing to the demise of the fishery are pollution of sturgeon

* waters and loss of spawning habitat.

Jolliff and Eckert (1971) found no evidence that pollution, either municipal or
D industrial, was a limiting factor in sturgeon production in the River. They

concluded that the impact of the dams located on the River was far greater than
that of pollution Impoundment of river waters for navigation and hydropower

* purposes has inundated most or all of the former riffle or rapid areas which
are the preferred spawning habitat for lake sturgeon. It appears that even if

* sturgeon were totally protected from harvest, the lack of usable spawning
habitat precludes the recovery of the lake sturgeon fishery of the St. Lawrence
River.

Figures 25 and 26 illustrate the decline over the past five decades of the
sturgeon fishery ofthe International section of the St. Lawrence River in both
the American and Canadian waters. The data depicted in Figure 26 include both

170



oo 0 r. - C4 In
IA = W 4CG tAo

4. C - GAC G 0 . 4J 4J A
0 0 C *r.3 4~0 in*G 0 1 CW0

* 7* ~ , L Or-4- 04C)UC A A S. G* 0 L-
.- a .0 -0- C 0 040- 6140- C.0 Ca

.- L #L G ~ * 00 *~A 4w- 4u A.. 11- 43 G
a 4-) 06 1 4-b @ GA" _ C a~ >bC . 4G1 *-. JC'

L. 14 5-. 40 OA #A E S.. A s- u 4 J3G GA UG

4J "M .0 C1 C 4J0 *-

J! 0~ 0f )- Uol G
4.. C V C -1 - r

LA 0. V)- -

40 3 0 0 4m

* 1 4.cm 0 41 C
4-) .0 4J GAWC 05

GA L 0v .CLv 9 3

0i 4.A 4A #a. 3 G G -.
9 OL 0 4. GA .0C Of- 0 GA

4.%6 S. 0) 0 WC * w J - O
C i4J S. 0 41',- >A g > A U 4. V

*9-~ ~~~~ toC 0 GA41 . 5 . -.
$A 61 061 >G >G i4- ed 0 OC

.C . S 06 0 4. 4J 0O 0- 0J ~ G
32.) do 4 39 m, cn S.4O ccG G

L C> 6

61 *A

= G A aA %.9-4
do to r- 61 S. r- S.-"

4J t" id 4o.3u 0 61
4J o oC C4 4r >0 W0G V L t4

4.1~ GA = 0 4J 2 ~ G

o~~~ ~ 4 S.- W.' 0r 0 I A G A 044 -
1 4.3 > > 4.1 30 do C

.0,~OG 0A 61 _ I
0do 04J 4"a

.0a# w-4 W 00 61#A0
0 ~ ~ ~ 3 GA 'i 0 3 0E 1 L 1-

.0 .1 1 W61rA 00 0

0 U

.0 244 o 00. 616

49 416 o 0
.0 61S 3l 21.-

40- 4- GA >W# 00I A
0 S.. GA 5S.

39 a) v- a r0

IA U 4 GA >)"9 a- GAc W G 0 G
Lot r- 0- IC C- C - r -a

ou0 61 41 a 9 ua tv do4
4 4C GA 4) 31 V) GA GAV V LJ V

I~10-3 -0 GA

G06 S. 01 u

9-0 9 Ga - L - 9-9177

'0zz0 t6z. 0 .0sJ U



ICAI 44

C0 W4 0.01.

4J. to 4- C 4

'c O C 01 01

4.)

C

.0 0 06W C 2

to L 0~ 0 0D - 0-4-
4J, 0 0. 4;r9r- 4

4-. U -) 04. doU '- M1 a1 a

10 E04 0 W. ~ S
3cU CAM C 0 1- W 1

4-1

CM O 4J1 S. 4-Cr-. C #
1-- =u- .N0 0 0 0.6 0 0

51.0 W- 4J4 ~ 0 UW > 4-P
= - C " .1 .04G U) 1. % 9 t

4J1- L. L. 0D -C toc0
1;34J o4)41I4 4.) m , c3e C A b r

4-) a) 0 061 04- 4#a0C.

go 01 1 010 W ~ .0 >- to0

.0_ 01- 0u )- 4- in 4
iV J 0 1 L.

oJ 1w CC C- CM 041 c 's Il g 0 4J41 4.) 5,-S

(0 0D 0 - . "- S. 43
4J Ad. 4J r_ c) m o 4 2 L. 0W 4 4

S. ~ ~ . r-4>.o WV)W 0
toJ 06 016

4- 4- 1- 0 1b

01 4.) W0 k01 C

4.) 4- on 01 4
$- SO . ta 0.ClC

4-0 4' , 4
cC 0-) 0) 0 01- c --

F- S. C9 -401 L W C

S.0 cm 0 (D a0 0. 0 0. 0. 00

4J C L C0 0

.0 L. o0-I1 . 3 4 6 4

M ~ 0 ii c 6# 0 Ltom g

u II

417



4 C a-AC

0. ev- 1L '4- w-0. .
S4.1) 'A 00, 4

cS0 = C L.,- 4 -SL E
a0 0 fa 4J W AA .0

440 0g 0.. cSC . 0 4
.b- CLP me =A 0a IV 4-
05s 4 W =0 45 r-. . 4.

a) ,4J to.. od ol 4 4 Ow LEA OL 0 I 41
at 0.- 5 4-1 u C I~S - LC SC 4.)u
r 00 = 0 >to 4A 0 V s.~ 'A W

a 00 c 0v C0 C S. > E4"- C

0 ~ .a _C

C 4.) 41)a

C 3 3 04

41 r_ 4-) C 401 '
0 0 4.) CV) S(

0 .2. .0- u- CA IC
0.W 4) 4.) CS_

4.) 4A~ > J to14 r_ . -) 4) LL
5' a -. a "9 #- 0 - SC c

40 w. 05 3c 40 0 401- 4.
0) IV W 5 400

w r_ MA 5- >4 0 aA3.
C 4 05 WS 0 l 4-b. 0 61 0

0).r ,a- L a-w iu go 41 to -S

U)~2 W) ~ U) do

C

0 W CJS ni
to fm 0 sEI

4 0 0)c wo 0.~ 0 w 59
S; Iwo~ .' 0- bd1 >

5-r.b 05 4.sOLA- 'A go1
go a-V M 'A S. uC-A 0

0 0 0 Ea-S 0
4. CCX. a St cm1L 0 fu- S

cm 4 S- S co 414. Wr a a LI0 in' 4. in 4 Wa ' C4 t .- =_ -
0 .d 4J 0 rA C -

.5j 50 35- LS- C. a- 05
0)4-U 4A G Y4-4 (A

C f 3>, r'A SA q 0 3EA' fua to #A
06 0 S LO %.~ 005 '

15

00

S0 'A 0 CDP E

0C 1.- a-49a~ 0

~0 40 10 Q0.
0. 49 go 4. .0 5

0~~ cA 4.4- .

L 4-6 C 06-

'A10 44)41 0

0~~~~I 5- c.' . i- 0 ~

0W IV, 41 0 00

U) ~ I U) ... U) K17C3



(4m

IA

0-0r

Q) -o.CN
IL . k

0

to 

3: cc

aU u

4J 0
4 W -L

tD cU u

(7so~I0

4-'

-.- co

*E4- E

.CUJZ

L.0

C ~174



0)

C

0

IL"

* -

@3 00

1-

* 04

04

'4.

. . . . . . ..-



the Niagara and St. Lawrence Rivers as the New York Conservation Department
Annual Reports for those years did not separate the two. In the earlier years,
the Niagara River fishery may have been the more productive but it is now-
insignificant. Catches in recent years are almost entirely from the St.
Lawrence River.

NORTiER PIKE (Esox lucius)

Habitat Requiretnents

The northern pike is native to the St. Lawrence River and the population is
completely self-sustaining. Typically, spawning takes place in spring
immediately after the ice melts in April or early May. Pike will even move
into shallow water beneath the ice cover (Table 49).-

Spawning generally occurs in wetland areas, including vegetated flood plains of
rivers, marshes, and in bays of larger water bodies. Along the St. Lawrence
River, pike are known to spawn in Flynn and Delaney Bays on Grindstone Island,
Chippewa Bay, Crooked Creek, Coles Creek, Brandy Brook, Sucker Brook, and the
Grasse River.

They spawn in shallow, vegetated water areas in as little as 7 inches of water
and most often less than 10 inches. Hatching in 12 to 14 days, the young pike
remain in the vicinity of the shallow, vegetated spawning area for several

Adult pike typically inhabit warm, clean, slow, meandering (even stagnant),
heavily vegetated rivers, or warm, weedy bays in lakes. They usually occupy
shallower water in spring and fall but will move to cooler, deeper waters
during high summer temperatures. Adults, and particularly the young, are taken
in the top 15 feet of water (Scott and Crossman 1973; St. Lawrence-Eastern
Ontario Commission 1978). (See Appendix C for further information).=

* Changes in Abundance

Northern pike, although much less abundant now than prior to the 1930's, are
one of the species that have shown a slight increase in abundance in the St.
Lawrence River in recent years (Table 39). Early studies listed them as
"commuon", while most recent surveys consider them "abundant". However, these

K- are relative terms. They are presently one of the major gamef ish on the St.
Lawrence River.

Canadian commercial catch statistics for the St. Lawrence show a drastic
decline in northern pike landings since 1940 (Table 41; Figs. 24 and 24a). The

r sporadic landings in the 1960's and 1970's were less than one-tenth the
quantity of those prior to 1940. This change in landings could be due in part
to market conit ions. However, the data appear to indicate that northern pike
were not being captured in greater quantities. In 1976, for example, 173,514

p pounds out of a total of 601,059 pounds of landed fish sold for less money per__
pound than northern pike (Ontario Ministry of Natural Resources 1981). This
does not imply that the commercial fishing industry was fishing for northern
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pike. It is an incidental catch while fishing for sunfish, yellow perch, carp,
eel, or other species. However, landings, as an incidental catch, can still
indicate relative abundance if there is a market demand. In this case, it can
be assumed that relative abundance of northern pike drastically decreased after1940."•

The major northerA pike spawning areas were relatively unaffected by Seaway
construction. Many of the prime sites are located in the wetlands and bays of J
the Thousand Islands area. Among the major spawning sites in this section of
the River are Flynn Bay, Delaney Bay, Chippewa Bay, and Crooked Creek. The
prime spawning sites in the lower section of the River consist mainly of
wetlands along tributary streams such as Coles Creek and Brandy Brook. These
areas were flooded and altered by the lock and dam construction. However, the
wetland acreage remained similar in quantity, and the pike apparently are still
able to spawn in these marshes.

Northern pike populations may be increasing at the expense of the muskellunge
population (Osterburg 1983). Since these two species may utilize many of the
same spawning areas, the pike, which spawn earlier, could have a cxxapetitive
advantage over the muskellunge. This could be contributing to the decline of
the muskellunge population, while helping to increase the pike population. The
upper River has a more productive pike fishery than the lower River (Tables 50
and 51; Fig 27). This is probably due to the abundance of shallow, vegetated
bays and marshes in the Thousand Islands area. '-1
Contaminants may be impacting the northern pike populations. A summer, 1983,
sample of approximately 80 northern pike captured near Maitland, Ontario by
staff of the Ontario Ministry of Natural Resources exhibited very significant,
visible, spinal deformity in half the fish. The symptom is that caused by
heavy metal contamination. Such deformity would effect the search for food and
the growth of the fish. It could also directly or indirectly impact
reproduction.

MSKELUNGE (Esox msunny

Habitat Requirements

The muskellunge is native to the St. Lawrence River. Although the population
is self-sustaining, the numbers of muskellunge are apparently declining in the .
International section of the River.

According to most of the literature, the muskellunge typically spawns shortly
after ice melt in late April to early May (Table 49), but later than the
northern pike. The muskellunge spawns in wetlands, choosing flooded, heavily
vegetated areas in water 15 to 20 inches deep. The yung remain in the shallow
areas of bays and marshes until about July when they begin moving out (Scott
and Croesman 1973).

Direct observations by LaPan (1982), however, at no time found muskellunge
spawning in shallow vegetated backwater areas along the St. Lawrence River.
Paired adult muskellunge were found only in moving water (1.3 to 4.0 meters

* deep, velocity not less than 0.1 m/sec.). Young-of-the-year (YOY) muskellunge
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Table 50 . Catch of northern pike per gill net haul over a 3-year
period in two reaches of the St. Lawrence River.*

Catch/haul

Year Thousand Islands Lake St. Lawrence

1976 2.17 0.250

1977 3.19 0.500

1978 2.31 0.125

1978 3.90 0.300

1978 2.10 2.900

Mean 
+

catch/haul 2.734 0.815

+Mean catch per net haul for the respective areas was

statistically different (that is the difference in
mean catch was statistically significant at the 99%
confidence level using Student's "T" test for -
inferring differences between two means of small
samples). Mendenhall (1971).

*Dunning, Tarby, and Evans 1978; Dunning 1979; Dunning,
Evans, and Tarby 1978; USFWS 1976d.
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Table 51 .Catch of northern pike per angler hour over a 16-year period
in two reaches of the St. Lawrence River.*

4.- .Catch/angler hr___________________________________________________________16

Year . Thousand Islands Lake St. Lawrence

1959 0.140

1960 0.104---

1962 - - - 0.116

1963 - - - 0.084

1964 - - - 0.032

1965 - - - 0.022

1966 0.048 0.010

1968 0*.297 0.046

1969 - - - 0.030

1970 - - - 0.071

1971 0.321 0.198

1972 0.390---

1974 0.303---

Mean+

catch/hr 0.229 0.068

+Mean catch per angler hour for the respective areas was
statistically different (that is the difference in mean
catch was statistically significant at the 99% confidence -hi level using Students "T" test for inferring differences
between two means of small samples). Mendenhall (1971).

*Pearce 1961; McLeod 1966a,b; 30111ff and LeTendre 1966;
Panek 1979.
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also were found only in moving water I to 3 meters in depth. These data are
similar to those reported by Harrison (1978) for the Niagara River
population(s).

In August, 1981, near Red Mills, New York, an area of river was found to
contain the largest number of YOY muskellunge of any area sampled. The
characteristics of the area were: current 0.25 r/sec., flowing over clean sand
and gravel; and Secchi readings of 2 to 3 meters. Vegetation characteristic of
this area included water celery (Vallisneria americana), pondweed (Po ton
spp.), water milfoil (MEicphyllum exalbescens), and coontail (Ceratophyllum
demersum) (LaPan 1982).

Reported habitat preferences of the adult are warm, heavily vegetated lakes,
weedy bays with an abundance of submerged or semi-emergent tree stumps, and
slow, heavily vegetated rivers or portions of rivers. The muskellunge is so
often found among dense growths of various pondweed species that these plants
are referred to as "lungeweed" by anglers.

Except for the largest specimens, muskellunge are rarely found very far from a
variety of submerged and emergent aquatic plants, including pondweed, water
lily (N~uhar spp. and Nyhaea, spp.), pickerelweed (Pontederia cordata),
arrowhead (Sagittaria sin), coontail, and cattail (yhisp),i the areas
of drowned stumps and timber. The largest fish may often be found in or over
less-vegetated, deeper water to a depth of 50 feet (Scott and Crossman 1973; La
Pan 1982). (See Appendix C for further information).

Chaes in Abundance

iThe muskellunge was reported as "moderately common" in the lower River in 1930
(Greeley and Greene 1931), and "rare" in the Thousand Islands in 1931 (Greeley
and Bishop 1932). More recent surveys have listed them as "uncommon" (Table
39). This species has apparently been declining in recent years. One theory
proposes that because muskellunge use the same type of spawning area as
northern pike and spawn later than pike, they are subject to heavy predation by
the more advanced pike fingerlings. The larger young-of-the-year (YOY) pike
also compete for the same forage fish as the young muskellunge. Habitat
encroachment by pike may be a significant contributing factor in the decline of
the muskellunge in the St. Lawrence River (Osterburg 1983). LaPan (1982)
captured northern pike in typical muskellunge habitat, but the reverse was not
true. Another theory can be presented that the St. Lawrence River muskellunge
spawn in the River (La Pan 1982). As such, they could be impacted by River
changes and human activities.

BRWN BULWEAD (Ictalurus nebulosus)

Habitat Requiremnts

This species is native to the St. Lawrence River and the population is self-
sustaining. A late spring to summer spawner at this latitude, this species is
a nest builder (Table 49). One or both sexes clear a shallow nest in bottomp O mud or sand, or among the roots of aquatic vegetation. The nest is usually
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near the protection of a rock, tree or stump. Occasionally nest burrows are
constructed. Brown bullhead have been known to nest in hollow stumps, under
boards, or even in old tires. Water depths over nesting areas range from 6
inches to several feet. Nesting areas are usually the shores of lakes, or in
bays, coves, or creek mouths.

Adult brown bullhead are usually found near the bottom in shallow, warmwater
areas of ponds and small lakes, shallow bays of larger water bodies, and larger
slow-moving streams with sand to mud bottoms and abundant aquatic vegetation

(Scott and Crossman 1973). (See Appendix C for further information).

Changes in Abundance

The brown bullhead has been relatively abundant since the first fishery surveys
were taken on the St. Lawrence River. It is found throughout the River,
particularly in the bays, marshes, and tributary streams. According to the
data, the population has remained relatively unchanged over the last few
decades. Following Seaway construction, the prime habitats in the uer River
were unchanged, while those in the lower River were somewhat altered, but
still appear to be suitable for the adaptable bullhead.

IHITE PERCH (Morone americana)

Habitat Requirements

The white perch is a late spring to late summer spawner (mid-May to late July) -
(Table 49). Spawning occurs in shallow water over virtually any bottom type
with no evidence of preference. Spawning sites include nearshore reefs and
shoals, bays, or tributary waters. Adults thrive in a variety of habitats but -'-

do seem to be most selective of waters that reach temperatures of 75OF or more .-
during the summer (Scott and Crossman 1973; Goodyear, et al. 1982b). (See
Appendix C for further information).

Changes in Abundance

The white perch was not noted in the St. Lawrence prior to Seaway construction.
It invaded Lake Ontario in the late 1940's, probably via the Oswego River after
moving westward from the Hudson River up the Mohawk River-Barge Canal System.
It probably reached the St. Lawrence River in the late 1950's or early 1960's
(Table 39). White perch have been recorded during fishery surveys since the
early 1970's. They are well-established today, and are considered "comuon" in
most recent surveys. The ability to use a wide variety of habitats and
spawning sites has enabled the white perch to thrive in the St. Lawrence River,
despite competition from many native species. Although its flesh is tasty, the
white perch is not heavily sought as a gamefish, due to the relativly small
sizes of the fish attained by the populations in this area. As a result of
this and the relative lack of predators, the white perch population is expected
to continue to increase.
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ROCK BASS (Ablcplites rupestris)

Habitat Requirements

A native, self-sustaining "species, the rock bass spawns from April to early
August (Table 49). .The male constructs a shallow nest that may reach 2 feet
in diameter, in gravel, mud, sand, rock, clay, or marl on vegetation excavated
to expose the roots. Nests are constructed in shallow, sheltered nearshore
areas that include bays, harbors, lagoons, marshes, creek mouths, and the lower
reaches of tributaries. Other habitat types known to be used include current-
swept ledges and lake shoals, and moderately swift water in streams. The nest
is usually in a shaded site next to or under a rock, log, or other type of
shelter.

The adults are generally found in or over rocky, shallow water areas in lakes,
or the warm, lower reaches of streams. They are often found in association
with smallmouth bass (Mic rus dolomieui) and pimpinseed i us)
(Scott and Crossman 1973; Goodyear, et al. 1982b). (See Appendix C for further
information).

Changes in Abundance
Rock bass have been relatively abundant since the first surveys on the St.
Lawrence River (Table 39). They are found throughout the River, and are an
important panfish species. They also serve as a forage fish for some of the
larger predators. The prime spawning sites that have been noted are protected
bays in the upriver area, such as Millen Bay, Morristown Bay, and French Creek.
These areas were relatively unaffected by Seaway construction. Bok bass are
very adaptable and are found in a variety of habitats. These are two factors
which enable them to survive major habitat alterations.

4PIiNSEED ( gibbosus)

Habitat Requirements

The pumpkinseed is native to the St. Lawrence River and the population is self-
sustaining. Spawning takes place from May to August, usually in 6 to 12 inches
of water near shore (Table 49). The male constructs a conspicuous shallow
depression 4 to 16 inches in diameter in quiet nearshore areas including bays,
harbors, marshes, lagoons, backwaters, and creek mouths. They will also use
running water in tributaries as spawning sites. Substrates include sand,

• "gravel, mud, or detritus excavated to expose coarse gravel or plant roots.
- Nests are always among vegetation. The pumpkinseed may also spawn over the

nests of other centrarchids.

Adult pumpkinseeds are usually found in small lakes, ponds, or shallow weedy
bays in large lakes. They range over a variety of bottom types and prefer
clean water and the cover of submerged vegetation or brush (Scott and Crossman
1973; Goodyear, et al. 1982b). (See Appendix C for further information).
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Changes in Abundance

Pumpkinseed is another species that has remained "abundant" in the St. Lawrence
River since the earliest surveys (Table 39). They are an adaptable fish that '-

is found in a wide variety*'of habitats. The submerged vegetation required for
spawning and feeding is prevalent throughout the River. The habitat changes
caused by the Seaway construction appear to have had no documented long-term
impacts, either favorable or unfavorable, on the pumpkinseed population.

BLUEXILL (Lepcmis macrochirus)

Habitat Requirements

The bluegill is native to the St. Lawrence River and the population is self-
sustaining. This species begins nesting in late spring. Spawning continues
into mid-summer, probably peaking in early July. The male fans an area,
usually 18 to 24 inches in diameter, making a shallow depression down to firm
bottom on gravel, mud, sand, marl, or clay, or in detritus, usually among
vegetation. The nests are sited in quiet near-shore areas of lakes or stream
pools, including wetlands, marshes, coves, bays, lagoons, harbors and creek
mouths.

The adults inhabit shallow, weedy, warm waters in large lakes, small lakes,
ponds, and heavily vegetated, slow moving waters of small rivers and large
creeks. In winter they retreat to deeper water. In summer the larger
individuals may move down as deep as 20 feet (Scott and Crossman 1973;
Goodyear, et al. 1982b).

Changes in Abundance

Bluegill were listed as "rare" by early surveyors. In later studies, they

were recorded as "uncommon". They are not nearly as numerous in the St.
Lawrence River as their nearest relative, the pumpkinseed. These two species
frequently hybridize, often making it difficult to distinguish the two
populations. The bluegill is important as a sport fish and forage fish.

SMAL)UT'H BASS (Micropterus dolcmieui)

Habitat Requirements

Smallmouth bass are native to the St. Lawrence River. The population is self-
sustaining. They spawn in the late spring and early summer (usually late May
to early July) (Table 49). The male constructs a nest 1 to 6 feet in diameter
in 2 to 20 feet of water. The substrate is usually clean gravel, sand, rock,
or rubble. They prefer clean water in tributaries, river mouths, harbors,
bays, lake shores, or shoals. The nests are usually built close to boulders,
logs, docks, or some other structure and occasionally among rooted macropytes.

Adult habitat preferences vary with the time of year. in spring they
congregate in the spawning grounds. After spawning they usually are found in
rocky, sandy areas of lakes and rivers in moderately shallow water. During the
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heat of summer they often retreat to greater depths. They prefer the
protection of rocks on shoals or submerged talus slopes, or the protection of
submerged logs. They are much less apt to be associated with dase vegetative

" -'growth than are largemouth bass and prefer cooler water temperatures than that
-species. In winter, they aggregate near the bottom and are very inactive

(Scott and Crossman 1973; Goodyear, et al. 1982b). (See Appendix C for
further information).

Changes in Abundance

Smallmouth bass are the most important gamefish in the St. Lawrence River.
They were reported as "common" by early researchers, but are now considered
"abundant" (Table 39). The prime habitat on the St. Lawrence River is in the
Thousand Islands area. Since this area has changed little due to man's
activities, the habitats utilized by the smallmouth bass population were
relatively unaffected.

LARG.MOM BASS (Micropterus salmoides)

Habitat Requirements

A native, self-sustaining species in the St. Lawrence River, the largemouth
bass spawns from late spring to mid-summer (sometimes as late as August) (Table
49). The male sweeps clean a nesting area 2 to 3 feet in diameter and 1 to 8
inches deep in almost any substrate: gravel, rock, clay, sand, mud, detritus,j or vegetation. Softer substrates are swept away to leave a firm bottom.

Nesting habitats are protected littoral areas in lakes or tributaries such as
marshes, bays, sloughs, lagoons, harbors, and creek mouths. Water depth over
the nest ranges from 1 to 4 feet. The nest is usually located among vegetation
or near logs or stumps.

Adult largemouth habitat is the upper levels of warm water in small, shallowlakes, shallow bays of larger lakes, and rarely, large, slow rivers. This
species is rarely taken at depths exceeding 20 feet and is invariably

associated with soft bottoms, stumps, and extensive growths of aquatic
vegetation, in particular water lilies (NyMphaea spp. and Nuphar spp.),
cattails (Typha spp.), and various pondweed species (Pot I

Even though both this species and smallmouth bass may be found in the same
lake, the largemouth is rarely found in characteristic smallmouth habitat, or
vice versa.

Largemouth move to the bottom in winter and are more active than winteringsmallmouth, often being taken by ice fishermen (Scott and Crossman 1973;

Goodyear, et al. 1928b). (See Appendix C for further information).
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Changes in Abundance

Largemouth bass have been reported as "moderately common" in nearly all of the
biological surveys of the St. Lawrence River (Table 39). Although rnot as
common as the smalimouth bass, they are still an important gamefish. Their
prim habitats are located in the shallow bays, particularly in the Thiousand

* Islands area.

YELLOW PERCH (Perca flavescens)

Habitat Requirements

The yellow perch is native to the River and the species is completely self-
sustaining. iT yellow perch spawns in the spring, usually between mid-April
and early May but sometimes as late as July in some areas (Table 49). Spawning
usually takes place in shallow water over rooted vegetation, submerged brush,
fallen trees, or at times over sand or gravel. Once they are free-swimming,
the young perch readily school up and large numbers may be seen feeding on
immature insects and invertebrates in shallow water near vegetation.-

Yellow perch are common in the St. Lawrence River and are able to easily adapt
I- to a wide variety of habitats in warm to cool water, from large lakes to ponds

to quiet rivers. They are most abundant in areas of clear waters with moderate
vegetation and muck to sand and gravel bottom. They are basically a shallow
water fish dnd usually are not taken below 30 foot depths (Scott and Crossman
1973; St. Lawrence-Eastern Ontario Commission 1978). (See Appendix C for
further information).

Changes in Abundance

*Yellow perch have been "abundant" in most fishery surveys on the St. Lawrence
River (Table 39). They ranked f irst in abundance in many surveys (Fig. 28).
They are found throughout the River in a variety of habitats.

* Yellow perch have been an important part of the Canadian commercial catch from
* the St. Lawrence River since 1943 (Table 41; Figs. 24 and 24a). The catch has

increased tremendously in recent years, with the largest catch, 116,930 pounds,
occurring in 1979. Flr the River stretch from Gananoque, Ontario through Lake
St. Francis, which includes most of the international section of the River,
yellow perch comprised an average of 13.9 percent (9,500 pounds) of the
commercial catch from 1943 through 1951. However, for the following nine
years (1952 through 1960), the peroent of catch averaged an astounding 51.4
(8,900 pounds). Although the poundage decreased in the 1950's, the percent of
catch increased due to a tremendous decline in the catches of sturgeon and
catfish. For the period from 1961 through 1980, the commercial catch data

ecmas an area covering the entire international section of the St. Lawrence
River as well as Lake St. Francis. From 1961 through 1971, yellow perch
comprised an average of 6.2 percent (17,430 pounds) of the commercial catch for
this area. From 1972 through 1982, the average catch of yellow perch increased
to 64,207 pounds (15.6 percent).
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Figure 28 .Abundance indices (fish/net set) for primary target species sampled
by gill nets in the Thousand Islands region fromi 1977 through 1982.
(McCullough 1982b).

6-

........ ........ nrhr
pike

* . . ..... .

1977 1978 1979 198 1981 1982

10-
p

...... ........ bas
............. .. . . .

Cr_ A, syello t

. ... .......... %.B~....

A. ....

L1977 1978 1979 1980 191 1982
z . . .SML ER 17

W



Yellow perch are also dn important sport fish. Although not considered a
trophy fish like pike and bass, the yellow perch is sought as a panfish and is
easily caught by children... -

Due to the wide v4riety of habitats which they utilize, yellow perch were
relatively unaffected by the documented habitat changes. The vegetation which
provides nursery areas and supplies their major food source (insects and other
invertebrates) is abundant throughout the River.

W LLEYE (Stizostedion vitreum vitreum)

Habitat Requirements

Originally native to the entire St. Lawrence River, the walleye now occurs
mainly below the Moses-Saunders Power Dam. There is a small remnant population
of walleyes upstream above the dam, where Brandy Brook, a tributary 12 miles
below the Iroquois Dam, provides 8 to 10 miles of accessible spawning habitat.
Estimates of walleye abundance in Brandy Brook indicate a very small population
with good growth and high survival. This is probably the best spawning
tributary in the area (LeTendre and Schneider 1970).

Spawning occurs in the spring, from April to May, depending on the water
temperature (Table 49). Preferred spawning areas (3 to 14 feet deep) are rocky
areas in white water below falls and dams in rivers, and on boulder to coarse-
gravel shoals in lakes. Adult walleyes tolerate a wide range of habitat
conditions, but apparently. reach their greatest abundance in large, shallow, -

mesotropic lakes. They can. thrive in clear water, but a unique structure in -

their eye, the "Tapettu lucidum", is sensitive to bright daylight intensities
which often restricts their feeding to twilight or darkness. Large streams or
rivers that are turbid or deep enough to provide daylight shelter are the best
habitat. Walleyes will often use boulder shoals, weed beds, sunken trees, or
thick layers of ice and snow as a shield from the sun. In clear water they
often lie in contact with the bottom. In turbid water they are more active
during the day, swimming close to the bottom in slow-moving schools.

Walleyes often associate with other species including yellow perch, northern
pike, muskellunge, and smallmouth bass. White suckers (Catostomus commersoni)
may orient themselves in schools of walleye and behave as part of the school.
Obviously, preservation or enhancement of pike/bass habitat would have
potential benefits to walleye (Scott and Crossman 1973). (See Appendix C for
further information).

Changes in Abundance

The walleye was considered "common" in early biological surveys of the St.
Lawrence River. Following construction of the Seaway, it was reported as
"uncommon" (Table 39). There is a small population upstream of the Moses-
Saunders Dam, but most are found below the dam.

Canadian commercial catch statistics show two cyclic declines in the walleye -- ...
catch (Table 41; Figs. 24 and 24a). The first began in 1952 and extended
through 1960 (the statistics for this time period include the River from
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Gananoque, Onitario through Lake St. Francis). The percentage of catch remained
relatively constant, but the poundage drastically declined. This could be due
to any number of factors, including fewer fishermen, poor fish catches in
general (for whatever reasons), or a decline in the walleye population. The
second decline began around 1966 and extended through the 1970's. The
statistics for this period include the upper portion of the River (Tibbetts
Point to Gananoque), as well as the portion included in earlier data. The
average percent of catch dropped from 4.9 percent in 1962 to 0.1 percent or 0.2
percent from 1971 through 1976. The poundage decreased from over 4,500 pounds
in 1965 to less than 1,000 pounds in most years between 1967 and 1976. This
decline is probably due to the formation of Lake St. Lawrence in 1958, which 0
eliminated the rocky whitewater areas and rapids which were the preferred
spawning habitat for walleye. The impact of no or low recruitment took a few
years to show its effect on the abundance of the adult walleye population.

It appears that the walleye were directly impacted by the change in habitat
caused byj construction of the Seaway/Power Project. Other species have also
declined since the habitat changes. However, the decline of the other species
can be traced in part to the influence of such factors as overharvesting,
contaminants, or competition from other species. Life history requirements for
the walleye have been well studied in other parts of the country. Their
spawning habitat requirements are rather specific and they tend to return to
the same area year after year. Therefore, destruction of habitat will often
cause a direct decline of the population. Although walleye are capable of
spawning on shallow shoals in lakes or lake- like areas, a population tends to
be imprinted on spawning habitat locations. They will not readily adjust to
another location unless the population is so strong that they "spill over" into

Wo new areas with suitable habitat..

189L



- . - -- C

~-

F

p

190

-- *. - I- ...- t...~..-.-.-..-



0

i '-

-IBIRDS

- 4

0

~ 0~

~-1

0

0

* ~.

Id;.-



VII. BIRDS

Historical Trends

The St. Lawrence River supports a diverse avian fauna, with 302 species
reported in the literature (see Table 53 in Appeindix A). Among these species
are the federally listed endangered bald eagle (Haliaeetus 1eaus) and
peregrine falcon (Falco peregrinus), along with several species listed as
endangered or threatened by the State of New York Department of Environmental
Conservation (Table 42). This latter group includes the loggerhead shrike
(Lanius ludovicianus), osprey (Pandion haliaetus), red-shouldered hawk (Buteo
l~in s), northern harrier (Circus cyaneus), spruce grouse (Dendragapus
canadensis), piping plover (Charadrius melodus), and the common tern (Sterna
hirundo). In addition, New York lists approximately 14 species of special
concern which have been seen along the St. Lawrence River.

The St. Lawrence River area provides a diversity of habitats which supports the
diverse avian fauna. The open water areas, numerous islands, marshes, bays,
and tributary streams all attract different bird species. A variety of upland
habitats, both developed and undeveloped, contributes to the diversity.

Construction of the Seaway and Power Project changed habitats and may have
adversely affected some species; however, habitats for other species were
improved. In recent years, the biggest threat to birdlife along the River is
probably contaminants, which reduce breeding success and render some species
less able to compete. For purposes of this biological review, eight species

* representative of the St. Lawrence River were chosen as indicator species to
try to identify the impact of habitat changes on species abundance (Table 54).
The species chosen were great blue heron (Ardea herodias), mallard (Anas
platyrhynchos), black duck (Anas rubripes), common tern, northern harrier, bald
eagle, ring-billed gull (Larus delawarensis), and herring gull (Larus
argentatus). These species were chosen as indicator species for a variety of
reasons. Each one is representative of a group of birds which are dependent on
the aquatic habitat of the area. Some species are important due to their
endangered or threatened status, while some are quite common on the River.
These species were also chosen because they utilize habitats that have been
changed and may be impacted by future activities.

Very little pre-Seaway literature concerning abundance of birds in the St.
Lawrence River area was available. What little literature was available showed
the black duck and common tern to be "abundant" during at least one season.
Both of these species have gradually declined over the years. The herring gull
was "common" during the pre-Seaway period, but has begun to decline in recent
years. The bald eagle has also shown a decline in recent years.

The mallard, on the other hand, has increased in recent years, probably at the
expense of the black duck. The great blue heron is the only other species to
show an increase. No data was available prior to the Seaway, but from the
post-Seaway period to the present there has been a slight increase in the
spring and summer populations. The other two species, ring-billed gull and
northern harrier, have remained relatively constant, although the gull is

(0 __ probably increasing while the harrier is decreasing. A more in-depth
. discussion of each species follows.
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Index Species

REAT BLX HE (Ardea herodias)

Habitat Requirements

Water Requirements: The great blue heron is a common wading bird of lakes,
ponds, rivers, and marshes (Bull and Farrand 1977). It is common on freshwater
as well as on saltwater (Robbins, et al. 1966). The great blue heron lays
three to five pale, greenish-blue eggs on a platform of sticks which is lined
with finer material (Bull and Farrand 1977). A sociable species, the heron
prefers to nest in colonies varying in size from a few pairs to hundreds (Bent
1963b). Maxwell and Smith (1978b) list the largest colony on the St. Lawrence
River as the one at Ironsides Island near Kring Point, New York; this colony
contains 286 nests. No other colonies were noted on the River proper, but a
number of small colonies exist on the U.S. and Canadian mainlands near the
River. The great blue heron will occasionally nest with other species (Austin
1967). Red-shouldered hawks (Buteo lineatus), red-tailed hawks (Buteoamaicensis), and great horned owlsBubo nanu), have been recorded as

nesting in or near heron rookeries (Bent 1963b).

Where trees are available, the great blue heron prefers to nest in them (Bent
1963b). Usually, selecting the tallest trees available, it will place its nest
50 to 100 feet above ground (Austin 1967). If alive, the trees will usually
die as a result of the droppings from the birds (Luttringer 1973). The great
blue heron will also nest in low trees, or bushes, or even on the ground (Bent
1963b). Bent (1963b) indicates that the location of the nesting rookery
probably depends more on the availability of a food supply for the young than
on the presence of suitable nesting trees. He notes, however, that a remote
and fairly inaccessible site is always chosen to provide safety for the eggs
and young.

Ebod Requirements: The great blue heron principally feeds on aquatic animal
life which it finds in shallow water (Robbins, et al. 1966). Herons fish by
night as well as by day and employ two very different methods of obtaining
food: still hunting and stalking (Bent 1963b). Prey is usually obtained by
spearing (Maxwell and Smith 1976). Maxwell and Smith (1978) list the large
marshes of Chippewa Bay and Goose Bay and the small islands of the area between
Morristown and Alexandria Bay as important feeding areas for the great blue
heron in the St. Lawrence River area.

Both parents will feed the young, at first by regurgitation, later on with
whole fish (Austin 1967). Parker and Maxwell (1969) list, on the basis of food
specimens dropped by young, the diet of nestlings on Ironsides Island as being
comprised of fish (alewife, rock bass, yellow perch, and bluegill) and pickerel
frogs (Rana palustris).

The principal food of the great blue heron is fish. It seems to feed on
whatever species of fish is most readily available (Bent 1963b). Knight (1908)
lists the heron's food as: frogs, eels, hornpouts, pickerel (occasionally),
suckers, shiners, chubs, black bass, herrings, water puppies, salamanders, and

.. 9
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tadpoles. Audubon (1840) adds lizards, snakes, birds, insects, and small

mammals to the heron's food list. Wilson (1832) includes in the heron's food
grasshoppers, dragonflies, and the seeds of spatterdocks. Crustaceans are -

added to the list by Howell (1911).

Chianges in Abmndance

The great blue heron was chosen as an index species because it is an important
colonial waterbird. The largest colony in New York is located on Ironsides
Island. The great blue heron is also used by several organizations as a symbol
of the St. Lawrence River.

Detailed data concerning the great blue heron on the St. Lawrence River prior
to Seaway construction do not exist. It was known to breed here, but no
records of abundance are available (Table 54). During the post-Seaway period,
this species was listed as "uncommon" in the spring, summer and fall. In
recent years the heron has been recorded as "uncommon" to "common" in the
spring and summer, "uncommon" in the fall, and "very rare" to "rare" in the
winter. it continues to breed along the River, with the majority nesting on
Ironsides Island.

The habitat changes caused by the St. Lawrence River development in the late
1950's probably had little effect on the great blue heron population. No
dredging, flooding, or island removal occurred on heron rookeries or other
important habitat. Wetlands were altered downriver, but this apparently had
little or no impact on the heron population. Although the shipping channel
passes adjacent to Ironsides Island, this colony continues to thrive, -
indicating that any direct Seaway impacts on this heron colony were temporary
in nature. The major food sources of the heron (several fish species listed
above) are thriving in the St. Lawrence River and have received no known direct
impacts from the habitat changes.

MUAIARD (Anas platyrhynchos)

Habitat Requirements

Water Requirements: Mallards are essentially freshwater ducks (Bent 1962).
Among dabbling ducks, mallards exhibit the greatest adaptability to a variety
of breeding habitats and climates (Bellrose 1979). They are secretive and are
commonly found in small ponds and potholes (Chabreck 1979). Semi-domesticated
birds may be found on almost any body of water. Among the preferred habitats
are marshes, wooded swamps, ponds, lakes, rivers, bays, and grain fields
(Peterson 1980; Bull and Farrand 1977). Maxwell and Smith (1978b) and USFWS
(1979) seldom found mallards in woodlands, shrublands, or developed areas along
the St. Lawrence River.

Dense vegetation at least 24 inches high appears to be the primary nest cover
requirement (Bellrose 1976). Mallards spend more time resting than feeding in
timbered areas, while the reverse is true in marsh areas. Reservoirs are used
as rest areas while the ducks are feeding in adjacent grain fields. The
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relationship of open water or marsh to terrestrial habitat determines the
attractiveness of a particular habitat to mallards. Water depth is important

*i mostly as it affects feeding (Chabreck 1979; Cowardin 1969; White and
Malaher 1964).

Mallards, the progenitors of nearly all domestic breeds, freqiently cross with
black ducks (Anas rubripes) and are known to cross with gadwall (Anas
strepa), pint nas acuta), baldpate (Anas americana), and green-winged
teal (Anas crecca) (Kortright 1967; Bull and Farrand 1977). Sportsmen
recognize two varieties: the larger yellow-legged variety and the smaller red-
legged variety. The yellow-legged arrive later and are better fed and heavier
feathered, due to the fact that they breed farther north (Kortright 1967).

Mallards are early migrants, arriving shortly after ice-out (Bent 1962). The
spring migration in the SE. Lawrence River area lasts from approximately
March 20 through May 10 (Maxwell and Smith 1978b). The nest location is
generally on or near the edges of a slough or lake, among dead vegetation where
the ground is dry or slightly marshy, or among thick dead reeds on higher land
not far from water (Bent 1962). Mallards are also known to nest on open
prairies, often far from water (Bent 1962; Bull 1974; Bellrose 1976).
Sometimes they will lay eggs in the nest of another duck (Bent 1962), and
occasionally they will occupy abandoned hawks nests in tree crotches or use
unoccupied barns or similar buildings (Kortright 1967).

The mallard nest consists of a bowl-shaped scrape 7 to 8 inches in diameter and
1 to 2 inches deep. Down is added sparingly until just prior to completion of
the clutch, when larger quantities are added. This down, which is thickest

(j around the edges of the nest, is used to cover the eggs when the hen leaves the
nest (Bellrose 1976; Bent 1962). Eggs are laid one per day until the clutch is
complete. An average of nine eggs (varies from 6 to 15) is laid per nest. 1he
eggs are grayish to greenish buff in color, ovate, and average 57.8 mm by 41.6
mm (Bellrose 1976; Bent 1962; Bull and Farrand 1977; Addy 1964). The
incubation period lasts 23 to 29 days. One set of eggs is laid per season,
although some mallards will attempt to renest if the nest is destroyed early in
the breeding season. Most mallards breed late in their first year; a large
proportion of those failing to breed, particularly in dry years, are yearlings
(Bellrose 1976; Addy 1964).

Food Requirements: Mallards pick food up on or above the surface, or obtain it
by partial immersion in shallow water (Bent 1962). They generally feed in
water 11 an to 16 cm deep on their wintering and stopover areas (Taylor 1977).
Female mallards switch their food source to higher trophic levels during pre-
laying and laying stages (Frederickson and Drobney 1979). Mallard reproduction
is adversely affected when hen access to animal matter is curtailed (Swanson,
Krapu, and Serie 1979; Krapu 1979). Invertebrates comprise 70 percent of the
food of breeding mallards; this can be broken down into 40 percent molluscs, 16
percent crustaceans, and 14 percent insects. Earthworms are an important food
source during wet years (Swanson, Krapu, and Serie 1979). Mallards generally
do not use amphipods, which are an important component of the blue-winged
teal's (Anas discors) diet (Perret 1962).
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The widespread use of mechanical cornpickers has improved the quality and
extent of mallard habitat due to the large quantity of grain left on the ground
(Ady 1964). Ninety percent of the non-breeding mallard diet is derived from .

the vegetable material. This includes 22 percent sedges (Carex spp.), 13
percent grasses (Gramineae), 10 percent smartweeds (Pol sm.T, 8 percent
pondweeds (Potamogeton spp.), 6 percent duckweeds (Lemna app.), 6 percent
coontail (Ceratophyllum demersum), 4 percent wild celery (Vallisneria
americana) and its allies, 4 percent water elm (Planera aguatica) and
hackberries (Celtis spp.), 4 percent wapdto (Sagittaria spi) and its allies, 2
percent acorns (Quercus spp.), 2 percent buttonbush (Cephalanthus
occidentalis), 1 percent cypress (Taxodium distichum) cones and galls, and 9
percent miscellaneous plant food (Bent 1962, McAtee 1918, Kortright 1967). The
animal component consists of 6 percent molluscs, 3 percent insects, 0.5 percent
fish, 0.5 percent crustaceans, and 0.25 percent miscellaneous (McAtee 1918,
Bent 1962). Mallards feed on mosquito larvae and are sometimes used for
mosquito abatement (MacKenzie 1977, Dixon 1914).

Mallards are adaptable, consuming whatever native foods are available. Various
studies have found mallard diets to be dominated by bulrushes (Scirpus spp.)
and pondweed seeds in British Columbia (Munro 1939), seeds of wild millet
(Echinochlca spp.), beaked sedge, and reed canary grass (Phalaris arurdinacea)
in Washington (Yocom 1951), and pondweed and sedge seeds, bulrush, spike rush
(Eleocharis spp.), and eelgrass (Vallisneria spp.) in California (Yocum and
Keller 1961). In Illinois the diets were dominated by rice cut-grass (Leersia
oryzoides), coontail, and seeds of wild millet and smartweed (Anderson 5),
smartweed, millet seeds, and acorns in Missouri (Korschgen 1955), acorns,
millet, and grasses in Arkansas (Wright 1961), acorns, duckweed, and seeds of
smartweed, buttonbush, and bald cypress in Tennessee (Rawls 1954), Jamaica saw
grass, jungle rice, spike rush, brownseed paspaulum and wild millet seeds in
Louisiana (Dillon 1959), and blue mussels (Mytilus edulis) (45 percent of the
diet) in Rhode Island (Cronan and Halla 1968. In North Carolina the diets
included pondweeds, widgeon grass (Ruppia maritima), and bulrush seeds (Quay
and Critcher 1965), while in South Carolina, rice cut-grass seeds, Hydrochloa,
sweet gum (Li uidambar styaciflua), buttonbush, and smartweed were the main
components (McGilvrey 1966). Mallards will also consume whatever cultivated
food is available (Bellrose 1976).

Changes In Abundance

The mallard was chosen as an index species because it is the most abundant and
widely distributed duck, and the most important game bird (Bent 1962). It is
also the most common waterfowl species on the St. Lawrence River.

The mallard is present along the St. Lawrence River during all seasons and is
known to breed in the area (Table 54). It is "uncommon" during the winter, but
"common" to "very common" during the remaining seasons. The available
literature indicates that mallards were somewhat less abundant during pre-
Seaway and post-Seaway times. Bradstreet and McCracken (1978) indicated that
the mallard has been known to breed along the River since 1942, but not prior
to that year. Toner, et al. (1942) reported no nesting records for the mallard
in Leeds County. Allen, et al. (1960) listed the mallard as a "common" summer
resident, but an "occasioil -winter resident. Maxwell and Smith (1977) stated . 7
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that mallards were "abundant" during most or all annual counts from 1955
through 1978. Camberlaine (1977a, 1977b, 1977c, 1978a, 1978b, 1978c, 1978d,
1979) reported the mallard populations along the St. Lawrence River for several
years. Both 1977 and 1978 were very successful nesting years; the mallard was
the most common breeding duck along the River in 1978. In the winter of 1979,
numbers were down from previous years.

The Wilson Hill Island area is the major waterfowl production area of the
eastern half of the International section of the St. Lawrence River (Lawler,
Matusky, and Ocelly 1977). It contains the largest concentration of dabbling
ducks on the River (Maxwell and Smith 1976).

Mallards are resident throughout New York, and are a "common" to "locally
abundant" migrant (Bull 1964). Much of the New York population is derived from
captive stock (Bull 1974). Mallards were rare in the East up through the
1960's; the black duck was more prevalent (Krtright 1967). Since the 1960's,
however, the mallard has been increasing at the possible expense of the black
duck (Bull 1964). In surveys conducted between 1972 and 1977, the mallard was
found to be the most common summering waterfowl species in the Thousand Islands
(Bradstreet and McCracken 1978). Quilliam (1973) noted that mallards were more
common in the Kingston area than at the turn of the century.

BIAX UCK (Anas rubripes)

Habitat Requirements

Water requirements: Black duck habitat consists of marshes, lakes, streams,
coastal mud flats, and estuaries (Bull and Farrand 1977). Peterson (1947)
states that the black duck is most characteristic of creeks, ponds, and
marshes. It is the most abundant surface-feeding duck in the East (obbins, et
al. 1966). According to Maxwell and Smith (1976), black ducks frequent all
areas of the St. Lawrence River, utilizing shores, shoals, and islands for
resting areas. They report that the largest concentrations of black ducks
along the St. Lawrence occur in the shallow habitat of the Wilson Hill Game
Management Area. Black ducks are surface feeders, or dabblers, in shallow
waters, where they reach the bottom by tipping up their tails and probing in
the mud with their bills (Bent 1962).
The black duck nests in a variety of situations and does not seem to show any

preference for any particular type of habitat as long as there is sufficient
concealment. Its nest is generally placed on dry ground, usually not very far
from the water (Bent 1962). The female black duck digs a scrape, using both
feet and her bill, and lines it with adjacent plant material. Small amounts of
down are added after several eggs are laid, but most of the down is added when
the clutch is completed (Bellrose 1976). Black ducks lay an average of nine
eggs, most clutches ranging from 7 to 12 eggs (Bellrose 1976). The brood area
selected by the female black duck encompasses a wide variety of habitats:
sedge, cattail, and bulrush marshes, beaver ponds, alder-fringed streams, and
swamp loosestrife bogs (Bellrose 1976).

( DMaxwell and Smith (1978b) report that the black duck has virtually disappeared
as a breeder west of Waddington on the St. Lawrence River. A few breederspersist, but they report that many pairs in this area are mixed mallards X
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black ducks. Quilliam (1973) notes that the black duck was formerly the most
common nesting duck in the Kingston, Ontario area. However, she feels that the
number of nesters may be decreasing, possibly due to increased competition with
the mallard.

The home range of the black duck in New England is up to 5 square miles in size
(Coulter and Miller 1968). The heart of the home range is "the activity
center", which includes the waiting site (Barclay 1970). A waiting site is
defined as usually an area of shoreline open on one side with a vegetative
screen on the other. A pair spends much of its preincubation time in the --"
activity center, where the male waits for his mate during the early stages of
incubation.

Food raquirements: The black duck is an omnivore, consuming a variety of
animal and plant foods (Maxwell and Smith 1976). In the shallow, muddy ponds
and swamps where black ducks spend their summers, they feed largely on aquatic
insects and larvae, salamanders, tadpoles and small frogs, leeches, various
worms, and small mollusks. They also feed on the many varieties of snails
which are found on the stems of sedges and grasses. In addition, small toads
and even small mammals are eaten occasionally. With this animal food they mix
a fair proportion of vegetable matter. Seeds of aquatic and land plants are
eaten and the succulent roots of many water plants dre pulled up and consumed
(Bent 1962). Yorke (1899) records the following genera of plants as recognized
in the food of the black duck: Limobium, Zizania, Elymu, Danthonia, Piper,
Myricphyllum, Callitriche, and Utricularia.

Phillips (1911) reports the stomach analyses of 29 black ducks shot in

Massachusetts in the fall of 1909 as 88.4 percent vegetable matter, the -

principal items being seeds of bur-reed (paaniu_), pondweed (Eotaoeton),
bulrush (Scirpus), eelgrass (Zostera) and mermaid weed (ProseErinaca), and
buds, rootstocks, etc., of wid celery (Vallisneria). The animal matter
identified amounted to 11.6 percent, including, in the order of importance,
snails, ants, chironcmid larvae, bivalves, crustacea, and insects.

Waste corn available in harvested fields near water areas frequented by black --

ducks is an important food source, particularly in late fall and winter. Black
ducks have been known to leave their rest areas at daybreak and shortly before
sunset to fly up to 25 miles in an effort to find sufficient waste corn
(Bellrose 1976). Bent (1962) reports that black ducks will also feast in
ripened grain fields on wheat, barley, buckwheat, and Indian corn. He also
states that black ducks will visit woodlands where acorns and beechnuts can be
found in the vicinity of woodland ponds.

Che -

The black duck was chosen as an index species because it has been a common
waterfowl on the St. Lawrence River and is representative of the habitats vital
to several waterfowl species. In addition, it has been declining throughout
its range in the Atlantic Flyway in recent years.
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Early literature indicated that the black duck was "abundant" in the fall along
the St. Lawrence prior to Seaway construction (Table 54). it was "common" in

___ the summer, "uncommon" in the winter, and no data was available for the spring.
Black ducks were known to breed on the St. Lawrence River. Literature reports
in the 1960's are somewhat scarce; however, the black duck was considered
"common" in the summer and fairly "common" in the winter. No information was
available on the other seasons, nor was their breeding status indicated. This
information, although incomplete, indicates relatively little change in the
black duck population up through the late 1960's.

Data from recent years have shown a marked decline in the black duck
population. Although they are still known to breed along the St. Lawrence,
their abundance has declined from "common" to "uncommon" in the summer, and
from "abundant" to "fairly common" in the fall. The major reasons for this
local decline seems to be the effect of the general decline in the flyway
(posibly due to harvest pressure in the wintering areas) and hybridization with
and competition from the mallard. Black duck habitat and prime food sources
are still abundant on the St. Lawrence River.

BALD EAGLE (ikaliaeetus leucocephalus)

Habitat Requirements 7. .1
Water requirements: Bald eagle habitat includes lakes, rivers, marshes, and
seacoasts (Bull and Farrand 1977). Robbins, et al. (1966) state that the bald
eagle is rare and local along shores. The bald eagle utilizes a variety ofEaquatic-bordered habitats of all types (Maxwell and Smith 1976). Meents and

Suchecki (1979), in their studies along the St. Lawrence River, reported that
the bald eagle exhibited a distinct dependency on open water areas. They
reported that the eagles were concentrated at certain points along their study
corridor. The physical and biological characteristics of the pools influenced
eagle distribution, and it appeared that shallow depth, isolation from
disturbances, moderate currents, and a concentrated food supply determined the
attractiveness of open water areas.

Eagles perch on a variety of objects (outhern L963, 1964; Steenhof 1976), but
prefer tree perches over other types (Steenhof 1976). Proximity to food
sources is probably the primary factor in perch site selection (Steenhof 1976).
Meents and Suchecki (1979) report that the preferred perches of eagles within
their St. Lawrence River study area were in large trees, usually on islands
isolated from human development and activities.

Wintering bald eagles tend to concentrate where water remains open throughout i,.1
the winter. This demonstrates the eagle's dependency on fish and waterfowl as
food sources (Meents and Suchecki 1979). Meents and suchecki (1979) report
that, from the 1800's to the early 1900's, bald eagles were commonly observed
wintering in New York State wherever open water was available. Now, an
estimated 20 to J0 migratory bald eagles winter in New York, primarily in
Sullivan County and along the St. Lawrence River. At least seven bald eagles
wintered in the vicinity of Meents and Suchecki's 1979 study area along the St.

A LO. Lawrence River.
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Sensitive to human activity, bald eagles prefer to use areas with lower
disturbance levels (Steenhof 1976; Stalmaster and Newman 1978). While Steenhof
(1978) reports that more disturbance is tolerated at feeding sites than at
loafing or roosting areas, Stalmaster and Newman (1978) found feeding birds to
be most sensitive to human" activity. Stalmaster and Newman (1978) stated that
birds were most disturbed by aproach from open habitats, particularly from the
riverbank or river channel.
The female bald eagle lays two or three white eggs in a huge, conspicuous mass

of sticks in the top of a tall tree or, less frequently, on top of a cliff
(Bull and Farrand 1977). Quilliam (1973) documents the nesting decline of the
bald eagle on the St. Lawrence River up to the last nest in 1957. The
locations of at least six former bald eagle nest sites are known in the St.
Lawrence Islands Rational Park area. These nests were usually situated in
large trees near water (Bradstreet and McCracken 1978). 6prunt (1969) lists
human disturbance, habitat loss, and pesticides as the principal causes for the
decline in bald eagle numbers throughout southern Ontario and elsewhere. In
the Tbousand Islands region, near Ivy Lea, the bald eagle presently occurs only
as a winter visitor (Bradstreet and McCracken 1978).

Food requirements: Eagles feed their young much the same diet as they eat
themselves, with perhaps a somewhat larger proportion of chickens, other birds,
and small mammals. The bulk of the food for adults and their young consists of
fish. Probably most of the fish taken are dead or dying fish, picked up along
the shores or floating on the surface of lakes, ponds, or streams (Bent 1961).
Eagles commonly congregate at spawning grounds, fish kills, or below dams to
scavenge the easily available fish. Stealing of fish from ospreys, gulls, and
waterfowl is also common (Meents and Suchecki 1979). However, eagles are
perfectly capable of catching live fish (Bent 1961).

The eagle's diet is most varied, especially during the seasons when fish are
not easily obtained. Waterfowl, grebes, loons, gulls, any of the Alcidae,
cormorants, coots, grouse, ptarmigan, and even the smaller land birds are eaten
by bald eagles (Bent 1961). Sick or crippled ducks and geese are frequently
preyed upon by bald eagles, and some eagle migration appears to directly
accompany waterfowl migration. Goldeneyes, mergansers, and gulls were
observed to be eaten by eagles in Maine. Waterfowl are undoubtedly important
to the eagles wintering on the St. Lawrence River (Meents and Suchecki 1979).

Many kinds of small mammals, such as muskrats, rabbits, squirrels, and rats,
are also eaten by bald eagles (Bent 1961). A food item of last choice is
carrion, including deer (Erskine 1968), sheep (Hancock 1964), or cattle
carcasses (Meents and Suchecki 1979). Eagles may often be seen in company with
ravens feeding on the carcasses of any animals they can find (Bent 1961).
Severe weather and lack of fish or waterfowl may cause the eagles to move
upland in search of carrion (Meents and Suchecki 1979).

Changes in A~bundance

The bald eagle was chosen as an index species because it is listed as
"endangered" by the U.S. Fish and Wildlife Service (Table 42). It is the
largest avian predator found along the St. Lawrence River. Bald eagles are
also indicators of the relative "health" of certain habitats along the River.
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Early literature references are scarce, but the bald eagle was considered
."rare" during the winter (Table 54). Following Seaway construction, it was

listed as "rare" during all seasons. In recent surveys, the bald eagle is
generally listed as "very rare" and is not known to breed along the River.

A few bald eagles lhave been known to winter along the St. Lawrence River, where

open water pools are vital to their feeding. Seaway construction (notably
dredging) and hydropower production (stable ice cover requirement) impacted the
size and locations of open-water areas in the winter. Any significant loss of
winter open-water area could adversely impact the bald eagle.

Human disturbance and contaminants have caused the decline in bald eagles
throughout the country. The increasing commercial ship and recreational
boating activity, as well as contaminant loading in the St. LAwrence River, may
have contributed to the localized decline of the bald eagle.

NORflMN iI1RRLER (Circus cyaneus hudsonius)

d-abtat Requirements

Water Requirements- Northern harriers (marsh hawks) can be seen in marshes and
open grasslands (Bull and Farrand 1977; Robbins, et al. 1966). They
occasionally perch on trees or bushes. Harriers will normally stand oti the
ground or will perch on stumps, fence posts, or telephone poles. They roost on
the ground at night (Bent 1961). in hunting, the harrier will glide over
fields or marshes, barely high enough to clear the vegetation, holding its

*wings above the horizontal and tilting from side to side. Its keen eyes are so
quick to detect prey, and its flight is under such perfect control, that it can
stop suddenly and drop quickly down upon its prey. The harrier will usually
eat its prey right there on the ground. At other times the food is carried to
some convenient stump or post, or carried away to feed its mate or young (Bent
1961). Harriers seldom pursue their prey in the air, nor do they watch quietly
from an exposed perch as do other hawks and falcons (Bull and Farrand 1977).

Breeding occurs in meadows and bushy marshes (Peterson 1947). Four or five
pale blue or white eggs, unmarked or with light brown spots, will be laid by
the harrier in a mound of dead reeds and grass in a marsh or shrubby meadow
(Bull and Farrand 1977).

Food Requirements: The harrier is of high economic value as a destroyer of
mammal pesL species, including mice and rats. The principal prey of the
iarrier is small mammals and small birds. Meadow mice seem to constitute the

bulk of its diet. Among other mammals taken are young rabbits, young skunks,
pocket gophers, rats, squirrels, shrews, and moles. Birds eaten include
bitterns, green herons, teal and other ducks, coots, rails, grouse, quail,
partridges, pheasants, plovers, sandpipers, woodcock, snipe, sparrow hawks,
screech owls, flickers, doves, starlings, meadlow larks, blackbirds, grackles,
sparrows, cardinals, towhees, warblers, wrens, mockingbirds, catbirds,
thrashers, robins, bluebirds, and thrushes. Frogs form a large item in the

. 9- harrier's diet, and small snakes and lizards are also eaten. It also feeds on
grasshoppers, locusts, crickets, and other insects. The harrier can be quite
destructive to poultry and game (Bent i9b1).
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Based on examinations of large harrier nests at all seasons during a 50-year
period, Luttringer (1973) found that 87 percent had consumed mice and rats,
12.75 percent consumed birds, 2.45 percent consumed other mammals, 0.25 percent -.

consumed poultry, 50 percent consumed fish, insects, etc., and 5 percent
consumed game.

Urner (1925) observed, from remains picked up in the general vicinity of nests,
that mice and small birds, supplemented with insects, constitute the principal
fare of the harrier's diet during early life. As the bird grows, rats assume a
more important role, and, in or near two different nests, Urner found the
remains of practically full-grown American bitterns (Botaurus lentiginosus).

Changes in Abundance

The northern harrier was selected as an index species because it is listed as
"threatened" by the New York State Department of Environmental Conservation
(Table 42). The St. Lawrence River is one of its last known breeding areas in
the State. Harriers are representative of a variety of raptors.

Northern harriers were not mentioned in the early literature of the St.
Lawrence River. Literature from the 1960's indicated that they were "uncommon"
throughout the year (Table 54). No mention is made of their breeding status.
Recent surveys have listed the harrier anywhere from "very rare" to "common".
In general, it averages out to "uncommon", which is relatively unchanged from
the immediate post-Seaway period. The harrier breeds on the St. Lawrence
River. - -

Although the harrier has declined throughout the State, probably due to such
factors as habitat loss and pesticides, it seems to be maintaining its presence

on the St. Lawrence River. Maxwell and Smith (1978b) estimated that 12 to 15
pairs of harriers may be found along the St. Lawrence River between Cape
Vincent and Hawkins Point. They state that this is one of the most important
areas for this declining species in New York State. According to Maxwell and
Smith (1978b), it is probably the only healthy breeding population in New York.

HERRIM GULL (Larus argentatus)

Habitat Requirements

Water Requirements: The herring gull is common in all aquatic habitats. It is
found on lakes, rivers, estuaries, and beaches (Bull and Farrand 1977). It is
abundant along the coast, particularly in harbors and garbage dumps, and at
fish docks (Robbins, et al. 1966). Studies have shown that gulls utilize the
islands in the St. Lawrence River (USFWS 1979). Some of these islands are
important nesting sites. Gulls utilize the nearby open-water areas for
feeding.

Peterson (1947) lists the gull as a long-winged swimming bird with superb power
of flight. Gulls are fine soarers, able to ride updrafts. They will circle a
water body until they spot a floating object which might be food. Sometimes -: -
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they will pick the object of f the water in flight, but usually they will land .-

* next to it. While gulls swimn well, they cannot swim underwater and they
-~ usually do not dive under the surface from the air. They can reach down into

the water about a foot or to - the length of their neck and bill (Austin 1967).J

Gulls are sociable; birds, migrating, hunting, scavenging, quarreling, and
nesting together, sometimes in large colonies (Austin 1967). Maxwell and Smith
(1970b) showed that Most herring gull colonies consisted of one to eight pairs
each, on small islands in the St. Lawrence River. They noted that the gulls
were restricted to rather low-lying, sparsely vegetated islands rarely visited
by humans. Nesting on islands allows the gull nests to be safe from such

* predators as foxes, weasels, and skunks (Austin 1967). Most gulls nest on the
ground. They build a bulky structure of seaweed and other handy vegetation
(Austin 1967). Gulls lay from two to four heavily spotted olive-brown eggs
(Bull and Farrand 1977).

Herring gulls commonly nest in close association with terns. Gulls will eat

the eggs and young of other bird species when given the opportunity (Austin
1967). Austin (1967) states that gulls and ternis seem to go through abundancy
cycles on protected islands, alternating with each other for periods that may
last for 15 to 30 years. Herring gulls will come into a tern colony, gradually
take it over, and finally occupy it solidly for a period of years. Then the
gulls will leave it and the terns will come back.

Food Requirements: Although primarily a scavenger, the herring gull will also
eat large numbers of aquatic and marine animals, and plant material such as
berries. It will often drop clams ar-i other shellfish on such hard surfaces as

'dL* exposed rocks or parking lots in order to break the shells and get at the soft
interior (Bull and Farrand 1977). Gulls are noted for robbing other species,
including mnergansers and bald eagles, of fish they have caught (Lien 1975).
Austin (1967) notes that although gulls prefer animal food and fish when they

* can get it, they will eat almost anything. Gulls are such opportunists that
few sources of food go unnoticed. They are not good fishermen and seldom catch
live food unless it is crippled.

Duatcher and Bailey (1903) report that examination of stomach contents of young
herring gulls showed that, besides fish and squid, various insects (moths,
flies, and beetles) had been eaten. As a rule, the young are given the same
food that is consumed by the adults.

Unes in Abundance

Herring gulls were chosen as an index species because they are a common bird
species utilizing the River. They are gregarious and nest in colonies, which
may make them more likely to be impacted by dredging/ island removal than other
birds. They are also a major competitor of the "threatened" (NYSDEC)
(Table 42) common tern.

Prior to Seaway construction, herring gulls were listed in the literature as
* breeders on the River and as being "common" during the summer (Table 54).

After Seaway construction, the literaiture is more thorough, indicating that
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this species is "common" in all seasons except winter, when it is "rare". The
herring gull is also listed as a breeder on the River during this time frame.
Recent studies have indicated that the herring gull now ranges from "uncommnr"
to "fairly common" during all seasons except fall, when they are "fairly
common" to "common". They are still listed as breeders on the St. Lawrence
River.

The recent decline in the herring gull population is probably due to
reproductive failures as a result of contaminants. The gulls are also
susceptible to human disturbance, and increased shipping/boating activities may
have adversely impacted the population. In addition, future disturbances,
particularly to nesting islanuds, could adversely impact the herring gull
population.

RING-BiLLED GULL (Larus delawarensis)

Habitat Requirements

Water Requirements: The ring-billed gull occurs in most types of aquatic
habitats (Maxwell and Smith 1976). It is found on lakes and rivers but many
move to salt water in the winter (Bull and Farrand 1977). Robbins, et al.
(1966) list the ring-bill as being common, especially inland. They gather in
large numbers at garbage dumps and fish docks. Studies have shown that, like
the herring gull, ring-billed gulls utilize the islands in the St. Lawrence
River, some of which are important nesting sites. The nearby open-water areas
are used for feeding (USFWS 1979). Recent studies indicated that the ring- _
billed gull and the red-winged blackbird were the most abundant species in the
open fields during the breeding season (USIVS 1979).

Gulls are sociable birds, migrating, hunting, resting, scavenging, quarreling,
and nesting together (Austin 1967). Ring-billed gulls nest together in a few
large colonies rather than in small colonies. These few large colonies are
extremely vulnerable to human disturbance (Maxwell and Smith 197ab). Maxwell
and Smith (1978b) state that the largest colony in the St. Lawrence River is
the one on Strachan Island, Ontario, Which consists of approximately 6,000
pairs.

The ring-billed gull yields readily to persecution, is easily driven away from
its breeding grounds, and seems to prefer to breed in remote unsettled regions,
far from man (Bent 1963a). It nests on low islands with sparse vegetation
(Maxwell and Smith 1976). Two to four spotted buff or olive eggs will be laid
in a hollow in the ground, which is sometimes lined with grass or debris. In
the North, ring-bills sometimes nest in low trees (Bull and Farrand 1977).
Nesting on islands allows the gull nests to be safe from such predators as
foxes, weasels, and skunks (Austin 1967).

The ring-billed gull will often nest in colonies with other gull species or
with terns (Bull and Farrand 1977). However, the ring-bill will eat the eggs
and young of other bird species when given the opportunity (Austin 1967).
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Food Requirements: Primarily a scavenger, the ring-billed gull feeds in all
areas of the St. Lawrence River upon fish, invertebrates, garbage, and a

* variety of other foods (Maxwell and Smith 1976). The alewife has been found to
be an important food of Great Lakes ring-bills (Jarvis and Southern 1976).
Gulls are noted for robbing other species, including mergansers and bald
eagles, of fish they have caught (Lien 1975). Austin (1967) notes that
although gulls prefeer animal food and fish when they can get it, they will eat
almost anything. Gulls are such opportunists that few sources of food go
unnoticed. They are not good fishermen and seldom catch live food unless it is
crippled. When food is discovered, the ring-bill either plunges straight
downward or floats down more slowly in a spiral curve, and picks up its food
without wetting its plumage (Bent 1963a).

Changes in Abundance

The ring-billed gull was chosen as an index species for the same reasons that
the herring gull was chosen: it is common, nests in vulnerable colonies, and is
a major competitor of the common tern.

The ring-billed gull is more abundant than the herring gull along the St.
Lawrence River. No abundance data is available prior to Seaway construction,
but the literature indicates that the ring-bill bred along the River
(Table 54). Ring-bills were considered 'very common" during all seasons except
winter during the post-Seaway period. Breeding occurred during this period.
Recent surveys have listed the ring-billed gull as "common" to "abundant"
during all seasons except winter, when it is "rare" to "uncmm". Ring-billed

still aRiver.

The success of the ring-bill is due to ".ts ability to compete with the herring
gull and common tern for limited nestl.ng islands. However, this species is
susceptible to human disturbances, and the population could be impacted by
future activities on the River.

CM TERN (Sterna hirundo hirundo)

Habitat Requirements

Water requirements: Common tern habitat includes lakes, ponds, rivers, coastal
beaches, and islands (Bull and Farrand 1977). Shoals, rocks, and other such
habitats are extensively used by common terns for resting (Maxwell and Smith
1976). This species is a familiar sight on almost all large bodies of water
where protected nesting sites exist (Bull and Farrand 1977). Their flight is
buoyant; terns fly with their bill pointed downward as they search for fish
(Robbins, et al. 1966). When feeding, most terns dive into the water with a
splash and immediately fly out of the water with their catch. Although terns
are web-footed and float buoyantly on the surface, they are poor swimmers, as
their feet are too small and weak to propel them efficiently (Austin 1967).

Common terns nest on small islands which are low-lying and sparsely vegetated
iA (Maxwell and Smith 1978b). Nesting occurs in colonies. Bradstreet and

McCracken (1978) report that, within the Thousand Islands region of the St.
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Lawrence River, there is a large successful colony (75 nests in 1977) of common
terns on Ice Island. This colony is the only remaining tern colony of
significant size in this area. Maxwell and Smith's (1978b) studies show that
most colonies along the St. Lawrence River occur in the areas between Cape
Vincent and Clayton, Chippewa Bay to Morristown, and from Waddington to the
Moses-Saunders Power Dam. Colony size ranges up to 120+ pairs with four to ten
pairs in a number of small colonies.

Sensitive to disturbance during the breeding season, whole colonies of common
terns often fail to breed successfully because of disruption by humans and, as
a result, their numbers are slowly declining (Bull and Farrand 1977). Human
activities which adversely impact tern colonies include urbanization and
recreational development (Gochfeld 1974a, 1974b), intentional disruption
(Gochfeld 1976), toxic chemical pollution, and fluctuations in "regulated"
water levels (Wmith, et al. 1983). Morris and Hunter (1976) list the various
factors that influence colony site desertion by terns as: availability of
nesting substrate, reproductive failure, food supply, human disturbance,
predation, and competition with ring-billed gulls for nest sites. In the St.
Lawrence River and Great Lakes drea, Smith, et al. (1983) indicate that the
common tern breeding populations are being adversely affected by a massive
populaition explosion of ring-billed gulls. They state that the gulls have an
advantage in nest site competition due to their larger size and four to six
week earlier arrival on the breeding grounds. This competition is being
intensified due to the destruction of nesting sites by human disturbance.

The common tern lays two, three, or rarely four spotted olive-buff eggs in a
depression in sand or in a shallow cup of dead grass on sandy or pebbly beaches
or open rocky places (Bull and Farrand 1977). Windrows of seaweed or dry
eelgrass, just above the high-water mark, are favorite nesting sites (Bent
1963a). The nest may be lined with a few pebbles, bits of shell, or seaweed,
but it is often bare (Austin 1967).

Most terns breed for the first time when they ire three or four years old.
Young terns will return to the area where they were hatched to nest. Once
having bred, the tern will return to the identical spot year after year, or as
close to it as suitable nesting conditions are available (Austin 1967).

Food Requirements: 7he food of the common tern consists almost wholly of small
fish, not over 3 or 4 inches long. Aquatic insects are eaten to some extent
(Bent 196ia). Knight (190) reports watching a tern chase, catch, and devour a
yellow swallow-tail butterfly (Papilio turnus).

Changes in Abundance

The common tern was chosen as an index species because it is listed as a
"threatened" species by the New York State Department of Environmental
Conservation (Table 42). It is a colonial waterbird species which nests in a
few large colonies, a fact which makes the population more susceptible to
habitat changes and disturbances. The species has been declining and is fairly
vulnerable to human disturbances.
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Pre-Seaway surveys identified the common tern as a species that breeds along
the St. Lawrence River (Table 54). Common terns were considered "abundant"
during the summer. No relative abundance figures were available for the
remainder of the year. This species was considered "common" during the post-
Seaway period in all seasons except winter. It was known to breed on the St.
Lawrence River. Recent surveys have listed the common tern as "fairly common"
to "common" in all seasons except winter. It still breeds along the River.

There are probably many reasons for the decline of the tern population. There
is tremendous competition for suitable nesting sites. The prime competitor is
the ring-billed gull, although herring gulls also compete with the tern.
knvironmental contaminants and human disturbance may also have contributed to
the decline. Data from 1979 (USFWL 1979) indicates that the decline is
continuing, particularly in the Thousand Islands region.

Since pre-Seaway data is scarce, it is difficult to determine if the formation
of Lake St. Lawrence flooded any key nesting islands. However, the loss of any
nesting islands may have been mitigated by the creation of new islands from
upland. Future disturbances or loss of island habitat could adversely affect
an already threatened population.
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A variety of mamalian species exists along the St. lawrence River. s total
of 62 species have been identified in the literature as having been sighted
along the River (see Table 55 in Appendix A). Construction of the Seaway and
Power Project altered the habitat, but secondary development has probably taken
a much greater toll on the wildlife than the actual Seaway development.

Four species were chosen as indicator species. These were the muskrat (Ondatra
* zibethicus). American beaver ((castor canadensis), river otter (Lutra

canadensis), and raccoon CFroqj~ lotorFTTab~le 56). Thse species were chosen
NEZ-me ey require aquatfi-raibit-57f&r u.l1 or pIrt of their life functions.
Two of these species, the muskrat and river otter, had the same relative
abundatice for ol t the pre-Seaway an present time frames, while the other two

* species increased in relative abundance. No data exists to tie the relative
increase in beaver and raccooni populations to the Seaway construction.

Three mammalian species found along the St. Lawrence River are listed as
"endangered" by the State of New York and the U. S. Department of the interior
(Table 42). These are the indiana bat ( yotis sodalis), gray wolf (Canis
lus), and cou onr (Felis concolor). The latter two species have not been
sighted in recent yearsivn te St. Lawrence River area. New York also lists

eone "species of special concern" that has been seen on the St. Lawrence River;
this is the small-footed bat (di leibii).

Index Species

I£AVEkR (Castor canadensis)

Habitat Requiraeents

Water Requirements: 'The beaver is an aquatic rodent which occurs in streams,
ponds, and the margins of large lakes. one of the main determining factors for
suitable beaver habitat is the presence of a stable aquatic habitat providing
adequate water (Williams 1965). This suitable aquatic habitat must be provided
year-round, as beavers are active throughout the year and the adults are
nonmigratory (Allen 1982). Beavers will only occupy streams which have channel
gradients less tian 15 percent (Retzer, et al. 1956).

Lodges or burrows, or both, serve as the beaver's major source of escape,
resting, thermal, and reproductive cover (Jenkins and Busher 1979). Water
surrounding the lodge helps protect the lodge from predators and provides
concealment for the beaver's movements to and from food gathering areas and
caches (Allen 19%2).

An adequate and accessible supply of quality food species must be present for
the establishment of a beaver colony (Slough and Sadlier 1977). If suitable
water access to food supplies is not present, then beavers will dhannelize and
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Table 56 Occurrence and relative abundance' of certain indicator
mammal species in shoreline habitats along the St. Lawrence
River.*

.Pre-Seaway Post-Seaway2 Present -

Species (prior to 1959) (1959-1968) (1969-1983)

Muskrat Abundant - - Abundant

Beaver Rare - - Common

River otter Rare - - Rare

Raccoon Common - - Abundant

'Based on trapping records and studies, tracking, visual observations,
roadkill surveys, interviews, and various other information presented
in the literature; rare < common < abundant.

2Literature regarding the occurrence and relative abunddnce of the
indicator species within the project area during the post-Seaway
period is lacking. -.

*Geis 1977; Institute of Environmental Program Affairs 1978; Lackey
1976; N.Y. State Dept. of Environmental Conservation 1978; US Fish
and Wildlife Service 1976a, 1976b, 1976e, 1979; Van Druff and
Lomolino 1978a, 1978b; Van Druff and Wright 1976; Webb, Bart, and -

Komarek 1972; Werner 1956; Wright 1978.
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dam waterways to provid, aquatic access to, and transportation of, food
materials.

Food Requirements; The beaver's diet is strictly vegetarian. Strong
preferences are shown for certain plant species and size classes (Jenkins 1975;
1979; Collins 197b). Beavers eat the leaves, twigs, and bark of woody plants,
as well as many species of aquatic and terrestrial herbaceous vegetation (Allen
192). hartin, et al. (1961) list woody plant beaver foods for the Northeast
as: poplar [includin aspen (FCEulus spp.)], willow (Salix spp.), beech (Betula
spp.), hazelnut (Corylus spp.), serviceberry (Antelanchier spp.), maple Ac-er
spp.), alder (Alnus spp.), and ash (Fraxinus spp.). An important source o
winter food may be the rhizomxes and roots of aquatic vegetation (iongley and
Moyle 1963; Allen 19J2). If it is available, beavers appear to prefer P
herbaceous vegetation over woody vegetation during all seasons (Jenkins 1961).
Such aquatic vegetation as duck potato (Sagittaria spp.), duckweed (Lemna
spp.), pondweed (Potamogeton spp.), and water weed (Elodea spp.) are preferred
foods when available (Collins 1976). The waterlily (Nymphaea spp.) and cowlily
(Nuphar spp.) are listed by Martin, et al. (196.) as foods used by beavers in
the Northeast.

Changes in Abundance

The beaver was considered "rare" prior to Seaway construction (Table 5b). No
literature is available on the beaver for the immediate post-Seaway period.
Becent literature has listed the beaver as "common.

This species was chosen as an index species because it is vulnerable to
changing water levels and is dependent on the water supply for its existence.
Most mammals found along the St. Lawrence River are not dependent on the River
itself, a fact which limits the number of species available as reliable index
species.

Very little information on the beaver in the St. Lawrence River is available in
the literature. Due to the lack of information, it is difficult to determine
what has caused the recent increase in beaver populations along the River, and
what effects future alterations to the habitat may have on the beaver.

14LtKRAT (Ondatra zibethicus)

Habitat Requirements

Water requirements: Muskrats are semiaquatic rodents which inhabit heavy
growths of herbaceous vegetation near slow-running water, swamps, marshes, and
bogs, and along shores of creeks, canals, ponds, and lakes that have no large
or sudden fluctuations in depth (Godin 1977). The muskrat may either dig a den
in a bank or, when the banks are too low and shallow for a den, build a house
with aquatic plants in approximately 2 feet of water (Godin 1977). Cne or more
feeding huts or shelter huts, called "feeders", are constructed by the muskrats

[e •at a distance around their house. These feeders are roofed feeding platforms
made of aquatic plants where the muskrat can bring food to eat and be
protected from predators and the elements (Godin 1977). "Push-ups" are

211



constructed in winter by muskrats cutLing a hole through ice on a marsh and
* pushing up a pile of fine fibrous roots or other vegetation. This pile of

debris, forming an enclosed cavity, rests on top of the ice and serves as a
rest site and/or feeding area in severe weather (Chapman and Feidhamer 1982).

The normal muskrat home range is within 200 yards of their house or den
(Errington and Errington 1947) aid tends to be more or less circular toward the
center of marshes and "strip-shaped" along banks, extending out from bank
burrows several hundred feet into deeper water (Errington 1947).

Propar water levels are extremely important for good muskrat habitat. Lhanging
water levels have been found to: (1) be more important than the type of marsh
vegetation in determining muskrat population levels in the Illinois River
valley (IBellrose and Brown 1941); (2) be the principal factor limiting muskrat
populations in the marshes of C..urrituck Sound, North Carolina (Wilson 1949);
(3) adversely affect muskrat populations in Illinois marshes (Bellrose 1950);
and (4) prevent the establishment of muskrat food plants in certain areas of
Louisiana (Moody 1950).

Food requirements: Chief ly herbivorous, muskrats feed mainly on cattails (7Wia
app.), arrowhead or duck potato (.agitaria spp.), bur-reed (Sparganium sp-p)T
bulrushes (Sirpus app.), pondweed (Poamoeton spp.), swamp loosestrife
(Decodon verticillatus), duckweed (Lemna spp.), pickerelweed (Pontederia

d anad water lilies (Npa spp. aid Nype slip.). occasionally, they Z .-
alofeed on smartweed (Pol. onum app.), dandelion roots (Taraxacum .-

off icinale), aid various o tene and succulent plants (Godin 1977.Goii
* (1977) reports that muskrats also oat corn, clover, alfalfa, soybeans, carrots,

apples aid other fruits, insects, crayfish, freshwater clams, snails, mussels,
frogs, reptiles, young turtles, minnows, sluggish fish such as bullheads, aid
young birds anda carrion.

The muskrat does not store large quantities of food (Smith 19J8; Errington
1941; Schwartz aid Schwartz 1959); therefore, during the winter, food is often
restricted to underground plant parts or to what can be reached under ice

* (Fuller 1951; Dozier 1954). Although largely vegetarians, in certain habitats
or seasons, especially winter, muskrats may rely upon animal food (Lantz 1910;

D Bailey 1937). Sather (1958) suggested that utilization of animal matter may --

result from a shortage of preferred vegetation.

Changes in Abundance

Prior to seaway construction, biological surveys recorded the muskrat as
L "abundant" (Table 56). Although no literature is available for the immediate
* post-Seaway period, recent literature has indicated that the muskrat is still

The muskrat was chosen as an index species for a variety of reasons. it is
dependent on the River for most of its habitat requirements. The muskrat is

P. abundant, is very sensitive to watter level change, and is important r
eoorxuically as ai furbearer.
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Th .ie muskrat populations along the St. Lawrence have remained relatively
unchangea. The formation of Lake St. Lawrence flooded some muskrat habitat
while creating additional habitat. in general, there is probably a similar
amount of habitat available ix)W as there was prior to the Seaway, not including
that which was lost to other development. Since muskrats are very susceptible
to changing water levels, any activities which could alter the hydrology could
have deleterious effects on the muskrat population.

Hbitat RequirementsI
Water Requirements: Raccoons prefer fairly open mature hardwood areas with

hollow trees near streams, rivers, ponds, and lakes (Godin 1977). Within their
range, raccoons are found almost everywhere ttiat water is available. Raccoons
are most abundant in hardwood swamps, mangroves, floodplain forests, and fresh
and salt marshes (Chapman and Feldhamer 1952). Denning generally occurs in
hollow trees located near water. In four studies the average distance of den
trees to water was 7 to 140 m, with maximum distances of 180 to 800 m (Giles
1942; Stuewer 194i; Cabalka, et al. 1953; Schneider, et al. 1971). While the
female usually keeps her cubs in aTllow tree for approximately their first 50

to 60 days, she will then move them to a ground bed, which most often will be
in a wetland area (Goin 19"7).

Home ranges for raccoons are reported to vary greatly in size due to

differences in sex, age, population levels, habitat quality, season, length of
study, and methods of obtaining and analyzing data (Chapman anid Feldhamer
1982). Johnson (1970) indicated that raccoons restrict most of their short-
term movements to relatively small, shifting areas within a larger area of
general familiarity. in fact, some portions of the larger area, especially
those away from watercourses, are visited rarely, if at all. Schneider, et al.
(1971) tracked raccoons which, within any two-week period, visited all portions
of their seasonal home ranges, but spent more time in marshes, swamps, and oak
woods than in bogs and open fields.

Food Requirements: Iauccons are opportunistic omnivores. Scats and stomach
analyses show the use of hundreds of species of plant and animal food. While
the relative proportion of different foods varies with season and locality, in
most habitats, plants are generally more important than animals in the
raccoon's diet (Chapman and Feldhamer 1982). Only in the spring do raccoons
consume more animal than plant food. Crayfish are the most important food at
this time, followed by insects and small vertebrates (Stuewer 1943; Baker, et
al. 1945; 6lewellyn and Uhler 1952; Dorney 1954). Martin, et al. (1961) list
the primary raccoon plant foods in the Northeast as: corn and the fruits and
nuts of oak (Quercus spp.), persimmon (Dios ros virginiana), pokeweed
(Phytolacca spp.)Ygrape (Vitis spp.), beech (Fagus grandifol.-a), hazelnut
(Corylus app.), holly (flexis-i-.), pawpaw (Asimina spp.), greenbrier (Smilax
spp.), hackberry (Celtis spp.), and hickory (Ca a spp.). Animals eaten

- nclude crayfish, frogs, turtles, snails, fish, snakes, earthworms,
grasshoppers, crickets, bees, wasps, moths, small birds and their eggs, shrews,
mice, muskrats, squirrels, carrion, and garbage (Godin 1977).
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Changes in Aburndance-

Raccoons were considered "common" prior to Seawdy construction (Table 56).
Recent literature lists them as "abundant". There are no literature references
during the post-Seaway period.

Raccoons were chosen as an index species because they are abundant and
dependent on tne water supply. The lack of literature on the raccoons of the
St. Lawrence River makes it impossible to relate population changes with
habitat changes. The formation of Lake St. Lawrence probably had little long-
term impact on the quantity and quality of raccoon lubitat along the River.

* RIVER (YrrER (Lutra canadensis)

Habitat Requirements

Water Requirements: T1he semiaquatic river otter occurs along streams, sloughs,
swamps, rivers, and lakes, and not infrequently near brackish water (Godin
1977).

Northern river otters are generally most abundant along food-rich coastal
areas, such as the lower portions of streams and rivers and in estuaries, and
in areas having extensive nonpolluted waterways and minimal impact by humans
(Wilson 1959; Tabor and Wight 1977; Howbray, et al. 1979).

The permanent den of the otter is often dug into banks and has underwater and
exposed entrances. The otter also uses resting places under roots or
overhangs, in hollow logs, burrows of other animals, or in thickets near water.
Abandoned beaver lodges or bank dens or enlarged muskrat houses may also serve
as river otter dens (Mitaker 1980; Godin 1977).

Great travelers, river otters have been known to wander 100 miles or more
seeking new territory. However, during the warmer seasons otters tend to
remain near water and constantly move up and down the waterway shores, often
crossing from one stream to another in search of easy food sources. In winter
they may search out entrances to water for fishing by traveling many miles
along shores and overland (Godin 1977).

River otter copulation normally occurs in the water (Liers 1951; McDaniel
1963), but may also occur on land.

Food Requirements: The majority of the river otter's diet is fish, with
crustaceans (primarily crayfish), amphibians, insects, birds, and mammals
comprising lesser portions (Chapman and Feldhamer 1982). Studies have
indicated that otters prey on fish in direct proportion to their availability
(i.e., occurrence and density) and in inverse proportion to their swimming . -

ability (Ryder 1955; Erlinge 1968; Toweill 1974). In other words, otters do
not select a particular species of fish when hunting, but simply capture the
first fish they encounter that is not able to escape capture efforts (Chapman
and Feldhamer 1982). Fish species which tend to be captured by river otters
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include: suckers (Catostomus spp.), redhorses (Moxostoma spp.), carp (Cyp inus
carpio), chubs (Semotilus spp.), daces (Rhinichthys spp.), shiners (Notropis
spp.), squdwfishes (Ptychocheilus spp.), bullheads and catfishes (Ictalurus S
spp.), sunfishes (Lepomis spp.), darterb (Ltheostoma spp.), perches (Perca
spp.), mudminnows (Umbra limi), and sculpins (Cottus spp.) (Ldgler and Ostenson -
1942; Wilson 1954; Greer 1955; Ryder 1955; damilton 1961; Sheldon and Toll
1964; Knudsen and liale 19u8; Field 1970; Toweill 1974; and Lauhachindra 1978).

Changes in Abudace

River otters were considered "rare" in early surveys conducted along the St.
Lawrence River, and were still considered "rare" in recent surveys (Table 56).
No information is available for the post-Seaway time frame. The otter is
probAbly rare because of the human disturbance along the River.

S

I
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IX. Ar' H.I.r

Historical Trends

Amphibians as a group have not been extensively studied. Few surveys have been
conducted along the St. Lawrence River, and most of these have consisted of

" general observations of species presence or absence. A total of 20 species -

ton salamanders and ten frogs and toads - have been recorded in the literature
*. (see Table 57 in Appendix A).

" six species were chosen as indicator species (Table 58). These included three
salamanders - the red-spotted newt (otophthalmus viridescens), blue-spotted
salamander ( st! ma laterale), and red-backed salamander (Pletlmdon cinereus)
- and three frogs -the bullfrog (Rana catesbeiana), green frog (Ram clamitans
melanota), and northern leopard frog (Rana pipiens). The blue-spotted
salamander is listed as a "species of speci-l-concern" by the New York State
Department of Environmental Conservation (Table 42). They also list another
amphibian species found on the St. Lawrence River, the spotted salamander
(Ambystoma maculatum), as a "species of special concern". "Ejpecies of special
concen"are t ewhich may soon become threatened and are listed to enhance
public awareness of their condition.

The index species were chosen to reflect the different habitat needs of
amphibians along the River. Three of these species are listed as "abundant",
one as "osxmon", and two as "rare". Based on the limited literature available,
it appears that the populations of these six species were relatively unchanged
between the pre-Seaway and present time periods. Although amphibian habitat
was definitely altered by the creation of the locks and the formation of lake
St. Lawrence, there are no data available to relate population changes to
Seaway construction.

Index Species

RD-UparOTED NkVT (Notphthalmus viridescens viridescens)

Habitat Requirements

Water Requirements: The most frequent habitats for the adult red-spotted newt
include ponds, small lakes, marshes, ditches, quiet portions of streams, or
other shallow permanent or semipermanent bodies of unpolluted water. Adults
may be seen resting motionless or swimming about slowly in open water or
crawling on the bottom or through vegetation. Often they remain active all
winter and may be observed through the ice (Conant 1975).

The red-spotted newt mates in water in the early spring. The female lays her
eggs singly, usually fastening them to a leaf or the stem of a small plant, in
quiet water (Goin and Goin 1971). Eggs will hatch in 20 to 35 days; the gilled
larvae that emerge are aquatic (Klots 1966). Following a larval period of two
or three months (Goin and Goin 1971), the larvae lose their gills,
metamorphose, and move up into the moist woodlands for two to three years;
there they are known as subadults, or red efts (Klots 1966). The eft later
returns to the water and changes into the aquatic adult. Sometimes the eft
stage is omitted and the larvae metamorphose directly into adults, in which
case remnants of the external gills may be retained (Conant 1975).,0.
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Table 58. Occurrence and relative abundance' of certain indicator
amphibian and reptile species in shoreline habitats along
the St. Lawrence River.*

Ore-Seaway Post-Seaway2  Present
Species (Prior to 1959) (1959-1968) (1969-1983)

AMPHIBIANS

Salamanders

Red-spotted newt Rare - - Rare
Blue-spotted salamander Rare - - Rare
Red-backed salamander Abundant - - Abundant

grog Common - - Common
Green frog Abundant - - Abundant
Northern leopard frog Abundant - - Abundant

REPTILES

Turtles
Mtan painted turtle Abundant -- Abundant
Common snapping turtle Common -- Common
Blanding's turtle Rare - - Rare - :7
Snakes -
a-sten garter snake Abundant - - Abundant

Northern water snake Abundant - - Abundant
Northern ribbon snake Rare - - Rare

'Based on visual observations, trapping records and studies, collections,
auditory identification, call counts, and various other information
presented in the literature; rare < common < abundant.

'Literature regarding the occurrence and relative abundance of the
indicator species within the project area during the post-Seaway period
is lacking.

*Alexander 1976, 1978; Gels 1977; N.Y. State Dept. of Environmental
Conservation 1978; Petokas 1979, 1981; Petokas and Alexander 1978, 1979a,
1979b, 1980a, 1980b, 1980c, 1981; Petokas and Gawlik 1982a, 1982b; US
Fish and Wildlife Service 1976a, 1976b, 1976e, 1979; Webb, Bart, and
Komarek 1972; Werner 1959.
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Food Requirements; Newts feed on insects, leeches, worms, molluscs,
crustaceans, tadpoles, and frogs' eggs (Klots 1966).

Changes in Abundaice

The red-spotted newt is "rare" along the St. Lawrence River (Table 5(). it was
also reported as being "rare" during the pre-Seaway time period. No
information exists for the post-Seaway time frame. The newt generally prefers
smaller, quieter water bodies. Tie impact of the Seaway on red-spotted newts
is unknown.

BrA-pOrrL ,tuimautR (Antbystana laterale)

Habitat Requirements

Wat-r .ieqirements: The adulL blue-spotted salamander is terrestrial, spending
most of its life underground (Conant 1975). However, in early spring the
adults migrate to small ponds, ditches, etc., to breed. The female attaches
her eggs to slender twigs or other objects below the surface in quiet pools
(Goin and oin 1971). After 30 to 45 days, the eggs hatch into aquatic larvae.
Metamorphosis into the adult terrestrial form usually occurs two to four months
after hatching (Goin and Goin 1971).

Food Yequirements: Alexander (197b) reports that blue-spotted salamanders feed
on insects, earthworms, millipedes, and spiders.

Changes in Abundance

The blue-spotted salamander is considered "rare" along the st. Lawrence River
(Table 58). Early surveys also considered it "rare". No information exists
for the post-Seaway time frame. This species is presently listed by the New
York State Department of Environmental Conservation as a "species of special
concern" (Table 42) indicating that it may be approaching "threatened" status.
Suitable habitat for the blue-spotted salamander is generally lacking along the
St. Lawrence. The lack of information on the population of blue-spotted
salamanders along the River precludes any determination of impacts from the
habitat changes.

BPID-BACK SALAMANDER (Plethodon cinereus cinereus)

Habitat Requirements

Water Requirements: The red-bucked salamander is a terrestrial salamander, and
is found under logs, rocks, etc., in damp woodlands (Alexander 1976). These
salamanders either aestivate or seek optimum conditions of moisture in rock
crevices or below the surface of the ground during hot, dry weather. When it
is damp or rainy, the red-backed salamander prowls at night. They seek shelter

0 e during the day in burrows, under stones, under damp boards, etc., where there
is little danger of dessiccation (Conant 1975).

.
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Eggs are laid in small clusters in damp logs, moss, etc. (Conant 1975). The
embryos develop rapidly and soon show large, well developed, external gills.
These gills are lost at hatching and the young have the same form as the
adults. There is no aqudtic larval stage (Goin and Goin 1971).

Food Requirements: The red-backed salamander has been known to feed on
insects, worms, snails, slugs, and spiders (Lbnant 197i; Alexander 1976).

Changes in Abundance

The red-backed slad ier is considered to be "abundant" along the 6t. Lawrence
River (Table 5b). It was also "abundant" during the pre-Seaway time period.
No intorutiation exists for the post-Seaway period. The red-backed is the most
common salamander along the River. No data exists to determine the impacts of
habitat chanyes Lpon the sdldlnider.

BULh.F4XG (Rana catesbeiana)

ilabitat Requirements

Water Requirements: The bullfrog is aquatic and prefers larger bodies of water
than most other species of irogs. Bullfrogs inhabit lakes, ponds, bogs,
sluggish portions of streams, cattle tanks, etc. They art usually seen at
water's edge or amidst vegetation or snags where they can hide (Conant 1975).
Bullfrogs prefer large ponds or lakes with both deep and shallow water, where - -

the water is screened from the shore by willow, alder, and other water-loving
plants (Dickerson 1969).

Eggs are laid in large masses, sometimes free in the water, but more often they
are attached to vegetation or other objects (Dickerson 1969). Depending upon
the temperature, the eggs may hatch in anywhere from three days to two weeks
(Klotz 1966). These aquatic larvae are known as tadpoles. Bullfrog tadpoles
do not develop into frogs during the first season. In fact, it is not until
the second season, and sometimes the third, that the tadpole makes its final
transformation (Dickerson 1969).

Food Requirements: Bullfrog tadpoles are essentially herbivorous, scraping
algae off rocks and nibbling on vegetation (Klots 1966). Dickerson (1969)
reports that the tadpole is also carnivorous, acting as a scavenger and
disposing of dead fish and dead tadpoles. The adult bullfrog feeds on insects,
fish, small turtles, young birds, ducklings and other frogs (Klots 1966;
Dickerson 1969; Alexander 1976).

Changes in Abundance

The bullfrog is considered "common" in the St. Lawrence River (Table 58). It
was also considered "common" prior to Seaway development. No information is
available regarding the post-Seaway period. since excessive turbidity is
harmful to the frog's eggs (USFWS 1979), dredging in breeding areas could have
short-term impacts on the bullfrog population.
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GRE FROG (Rana clamitans melanota)

Habitat Requirements

Water Requirements: The"auatic green frog may be found wherever there is
shallow freshwater - in marshes, springs, rills, creeks, and ditches, and along
the edges of lakes and ponds (Conant 1975; Alexander 1976). The female lays
her eggs in a large mass usually fastened to a twig or other support. These
egg clusters are often laid during times of high water (Dickerson 1969). "1
Placed just below the surface of the pond and attached to the twigs of
buttonbush, alder, or other shubs that are growing in the water, they are kept

some distance above the surface when the water recedes (Dickerson 1969). Early
development of the eggs is rapid. The aquatic tadpole which emerges may live
two years before the final metamorphosis. it is not until the seconl summer,
and possibly not until the third, that the transformation into the adult frog
form occurs (Dickerson 1969).

Food Requirements: Food for the green frog includes insects, crustaceans,
spiders, earthworms, and snails (Alexander 1976).

Changes in Abundance

The green frog wds considered "abundant" during the pre-Seaway time frame, and
is still considered "abundant" today (Table 58). 14o information is available
for the post-Seaway period. The lack of data makes it difficult to assess the
impacts of the habitat changes upon green frog populations. However, it is 7
doubtful that these changes had any long-term adverse impacts upon the green

0-Q frog population, since they are still relatively abundant.

N* Rr1E LEOPARD Fko.; (Ru a pipiens)

Habitat Requirements

Water Requirements: ITe shallow margins of ponds, lakes, streams, and marshes
provide habitat for the northern leopard frog (Alexander 1976; Dickerson 1969).
The leopard frog may also wander a considerable distance from water into
fields, orchards, etc. (Dickerson 1969), earning itself the name "meadow frog"
(Conant 1975).

Eggs are laid in masses in the shallow water, either attached to sticks and
grasses or left free in the water. The eggs hatch into aquatic tadpoles in
approximately ten days (Dickerson 1969). In two to three months, the tadpoles
complete their transformation into adult frogs (Alexander 1976).

Food Requirements: Alexander (1976) and Dickerson (1969) report that the diet
of the Northern leopard frog includes insects, spiders, slugs, snails, and
wonns.
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Okaiges in Abundance

The northern leopard frog was "abundant" during the pre-Seaway period and is
still "abundant" (Table 58). No information exists regarding the post-Seaway
time period. Although datd is scarce regarding leopard frog populations along
the St. Lawrence River, it is doubtful that the habitat changes had any long-
term adverse impacts, since this species is still relatively abundant.

222



REPTILES

Kj



X. R ~rPIIS

Historical Trends

As was the case with amphdbians, reptiles as a group have not been extensively
studied on the St. Lawrence River. Most of the studies have been general
observations indicating presence or absence of various species. A total of 18
species of reptiles, including eight turtles, nine snakes, and a skink, have
been reported along the St. Lawrence River (see Table 57 in Appendix A).

Six species have been chosen as indicator species. These are midland painted
turtle (Chrysemys ct X mar inata), common snapping turtle (Chelydra
erntina serpentina, Bland ing s turtle (Emydoidea blandii), eastern garter

snake (Thamnophis sirtalis sirtalis), northern water snake (Nerodia sipedon
sipedon), and northern ribbon snake s sauritus sauritus) (Table 58).
These species were chosen to reflect the different habitat needs of reptiles
along the River. Of these species, only the Blanding's turtle is listed as
"threatened" by the New York State Department of Environmental Conservation
(Table 42). They also list the wood turtle (Clemmys insculpta) as a "species
of special concern".

As with the amphibians, three of the index species are considered "abundant",
two "rare", and one "common". None of the index species changed in relative
abundance between the pre-Seaway period and the present.

The construction of the Seaway and Power Project altered reptilian habitat.
The locks area, with its fluctuating water levels and turbidity, is especially
poor reptile habitat, particularly for breeding. However, the index species
have not shown a decline, and the scarcity of data precludes the determination
of any cause and effect relationships between the changes in habitat and
changes in the reptile populations.

Index Species

MIEaU PAINTEDURTLE (TURT~ pi m ta)

Habitat Requirements

Water Requirements: The midland painted turtle lives mainly where the water is
shallow, the aquatic vegetation profuse, and the bottom soft and muddy. It is
found in ponds, marshes, ditches, edges of lakes, backwaters of streams, and in
adjacent wet areas (Conant 1975; Alexander 1976). Midland painted turtles are
very aquatic, mainly leaving water only to lay eggs, although they do bask on
floating logs and vegetation (Reilly N.D.). The female lays five to eight eggs
in the soil (Alexander 1976).

Food Requirements: The diet of the omnivorous midland painted turtle includes
aquatic vegetation, insects, crayfish, earthworms, and small mollusks (Conant
1975; Alexander 1976). It generally swallows its food under water (Reilly
N.D.).
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9hanges in Abundance

The midland painted turtle is considered "abundant" along the St. Lawrence
River (Table 58). It was apparently also "abundant" during the pre-Seaway time
frame. No information exists for the post-Seaway time period. Although little
specific data exist to describe the painted turtle populations, it can be
assumed that these populations are relatively stable. Their favored habitat is
still common along the River.

C~t* SAPPING TJRTLE (Chelydra serpentina serpentina)

Habitat Requirements

Water Requirements: Any permanent body of fresh water, large or small,
including lakes, ponds, rivers, and deep marshes, may provide habitat for the
common snapping turtle (Conant 1975; Alexander 1976). Very aquatic, the
snapping turtle rarely basks as most other turtles do. Snappers often bury
themselves in mud in shallow water with only their eyes showing (Conant 1975).
Burying itself in mud or into the banks of ponds, streams, etc., the snapping
turtle hibernates from early November to early March (Reilly N.D.).

The common snapping turtle leaves the water only to lay eggs. Approximately 30
eggs are laid per nest in soil or in a muskrat house (Alexander 1976). lte
eggs are usually laid in June, but nesting has been reported from May to
October. Soil nests are dug at various distances from th water, their sites
apparently determined not cnly by the soil nature, but also by the whim of the
female (Goin and Goin 1971). Eggs hatch in the fall or the next spring, and
the young quickly return to the water (Alexander 1976).

Food Requirements: Food for the omnivorous common snapping turtle includes
aquatic invertebrates, fish, reptiles, birds, mammals, and carrion (Conant
1976). It generally swallows its food underwater.

Changes in ALiund.nce

The snapping turtle is "common" along the St. Lawrence River today and was also
"common" in pre-Seaway times (Table 58). No information exists for the post-
Seaway time period. However, they are fairly adaptable and adequate habitat
for this species exists along the River. Therefore, the population appears to
be stable.

BLANDING'S IURTLE (Enydoidea blandingi)

Habitat Requirements

Water Requirements: Essentially aquatic, the Blanding's turtle often wanders
about on land, although seldom far from marshes, bogs, lakes, or small streams
(Conant 1975). This turtle hibernates in mud or under trash (Reilly N.D.).
Five to ten eggs are laid in soil (Alexander 1976).
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Food Requirements: Alexander (1976) lists the food of the Blanding's turtle as
succulent vegetation, berries, earthworms, slugs, insects, crayfish, and
carrion. Reilly (N.D.) states that Blanding's turtle is omnivorous, mainly

lie .feeding on invertebrates in- the aquatic habitat, and on vegetation on land.

Changes in Abunce

The Blanding's turtle is listed as "threatened" by the New York State
Department of Environmental Conservation (Table 42). '"hreatened" species are
"those whose populations in New York are subject to a significant threat from
known or unknown causes, but which face little danger of extirpation within the
foreseeable future if certain actions are taken and maintained" (USFWS 1979).
This species was considered "rare" along the St. Lawrence River during early
surveys, and is still listed as "rare" (Table 58). No information exists for
the post-Seaway time period.

The St. Lawrence area represents the eastern limits of the Blanding's turtle's
range (USFWS 1979). Because of this, the stability of the population is
uncertain, and future habitat changes may adversely affect this population.

EASTERN GARTER SNAKE (Thamnophis sirtalis sirtalis)

Habitat Requirements

Water Requirements: The eastern garter snake occupies a wide variety of
habitats including meadows, marshes, woodlands, hillsides, along streams and
drainage ditches, and sometimes city lots, parks, and cemeteries (Conant 1975).
Although terrestrial, the garter snake will often go into the water, swimming
with lateral undulations of the body while holding the head above the surface,
and occasionally diving beneath (Klots 1966).
Ovoviviparous, the eggs of the eastern garter snake will hatch, either in the

oviduct or just after they are laid, producing 15 to 40 young (Alexander 1976).

Food Requirements: Foods of the eastern garter snake consist chiefly of frogs,
toads, salamanders, fish, tadpoles, and earthworms, but other items eaten
include leeches, small mammals, birds, and carrion (Conant 1975; Alexander
1976).

Changes in Abundance

The garter snake was the most common reptile found in the locks area during a
1979 survey (USFWS 1979). It is listed as "abundant" along the St. Lawrence
River, and was also considered "abundant" during pre-Seaway times (Table 58).
No information exists for the post-Seaway period. The abundance of this
species is probably due to the wide variety of habitats that it can occupy.

The garter snake may have increased in abundance in recent years. The abundant
old field and shrubland habitat created near Massena during Seaway construction
provides nearly ideal habitat conditions for the garter snake (USFWS 1979). No
data exist to quantify this observation, however.
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NODM eTER SNK (Natrix si sipeon)

Habitat Requirements ii

.JWater Requirements: The semiaqudtic northern water snake is found in or near
water in virtually every non-polluted swamnp, marsh, bog, stream, pond, or lake
border within its range (Lonant 1975; Alexander 1976). Quiet waters are.: preferred, but water snakes will also inhabit swift-flowing streams (Conant

~1975). 7hey often sun themselves an rocks, docks, and along banks (Alexander
1976; Klots 19b6).

Mating of the northern water snake occurs in early spring and the young are
born from late summer to early fall. The water snake is ovoviviparous. The
average brood size ranges from 16 to 40, but much larger (more than 75 young)
broods have been recorded (Goin and Goin 1971).

Food Requirements: Conant (1975) reports that the northern water snake obtains
most of its food, including frogs, salamanders, fish, and crayfish, in or near
the water. Alexander (1976) reports that the wuter snake's diet also includes
insects and small mammals.

Changes in Abundance

The water snake is another species that was considered to be "abundant" in both
early surveys and recent literature (Table 58). No information is available
for the post-Seaway period.

Although data are scarce, it appears that the water snake population suffered
no long-term impacts from habitat changes. This species is very adaptable and
occupies a wide variety of aquatic habitats.

NOTRHEMN RIBBON SNAE (s sauritus septentrionalis)

habitat Requirements

Water Requirements: The semiaquatic northern ribbon snake seldom wanders far
from streams, ponds, bogs, or swamps. Ribbon snakes swim at the surface
instead of diving. Deep water is normally avoided by ribbon snakes, and, when
fleeing, they will skirt the shore, threading their way through the vegetation
(Conant 1975).

Alexander (1976) lists the northern ribbon snake as ovoviviparous. The eggs
will hatch either in the oviduct or just after they are laid, producing 5 to 15
young. ...

Food Requirements: The diet of the northern ribbon snake includes salamanders,
frogs, and small fish (Conant 1975; Alexander 1976). Unlike other garter
snakes, ribbon snakes will usually not eat earthworms (Conant 1975).
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Qhanges in Abundance

The ribbon snake was "rare" prior to Seaway construction, and is still
considered "rare" (Table 58). No information exists for the post-Seaway time
period. Although data dre scurce, it appears that the habitat changes caused
by the Seaway may have reduced ribbon snake habitat. This species normally
avoids deep watt-r, a habitat type which incrwsed greatly during the formation
of Lake St. Lawrence. In addition, many of the small tributary streams were
flooded in their lower reaches, reducing the quality of the ribbon snake
habitdt.
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XL. (fl4PARISONS AND CON rHASfIr WITH CIWkER LUCbNELTNG CHA'.LS

The St. Lawrence River is one of the "connecting waterways" of the Great Lakes.
The others are the Niagara" River/Welland Canal, the Detroit River, the St.
Clair River and the St. Marys River. The St. Lawrence and the St. tiarys Rivers
are geologically ahd biologically more similar than the other connecting
waterways. The St. Clair River - Lake St. Clair - Detroit River complex has a

*. more gentle gradient, more shallow water/mud flats and wetlands (St. Clair
flats) than the others. The Niagara River/Welland Canal complex is different
from the st. Lawrence in that the Welland C-nal is used for navigation, wnile
the Niagara River is used for hydropower production. The upper Niagara River
ecology is influenced greatly by Lake Erie, while the lower Niagara is
influenced by, and influences, Lake Cntario.

Industrial and shoreline development is relatively light (spotty) on the St.
Lawrence and St. Marys Rivers. The U.S. side of the St. Clair and Detroit
Rivers is highly developed. Portions of the Niagara River shoreline (upper)
are also highly developed, although other areas have moderate development.

The impact of shoreline development and river clhnnel modification on fish and
wildlife resources of the St. Lawrence area has not been studied extensively,
as documented in this report. Generally, the system-wide studies which have
been completed weru concerned with winter navigation. More work has been done
in the area of system-wide studies for the St. Marys River. Some of the impact
analysis is contained in the reports by Behmer, et al. (1979), Hiltunen and
bchloesser (1984), and Koshinsky and Edwards (19d3). These reports provide
needed detailed background data against which proposed or caused changes could
be measured.

Although each of the connecting waterways has its distinctive physical (Eda and
DeBord 1981) and biological characteristics, some information seems to be
transferable. For example, Schloesser and i4auy (1982) reported that a
statistically valid correlation was found between the density of submersed
mracrophyte beds and the degree of exp..ure of the beds to vessel passage in the
St. Clair-Detroit River waterway. They also indicated that further research
was needed to demonstrate that vessel movements reduce the density of
macrophyte beds and expressed concern that larger vessels would cause
potentially greater reductions in plant bed density and that the density of
submersed macrojhyte beds was directly related to their value as fish habitat.

Navigation and related channel changes also appear to impact fish abundance.
Comparisons of fish abundance in a navigation area (Lake Nicolet) and a similar
area not used for navigation (Lake George) in the St. Marys River showed
consistently lower catches in the navigated area (Liston, et al. 1983).
Similar conclusions were also reached by Protasov and Gusar (1982. -They also
showed a direct relationship of fish abundance decreasing as distance from the
shipping lane decreased. The meaning of these findings on present and future
fishery management of the St. Lawrence River needs to be evaluated.
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* XtI. INKRIAL NEEDS

___ This document has presented or summarized the information available on the
ecology and hydrology of the*St. L~awrence River. Despite the large quantity of

* information, there are numerous "data gaps" which need to be filled before the
ecosystem of the St. Lawrence River is understood. In general, quantitative
data is lacking; the qualitative data that is available has minimal utility.

Most of the existing research tried to study all species, rather than
concentrating on a few key indicator species. Future ef forts should
concentrate on selected species which are representative of other species
utilizing the resources of the St. Lawrence River. NYSDEC (Wildlife)
identified several species as candidates for additional studies (Table 59).

L Detritus may be a critical linkage in the ecosystem (Cooley 1978); very little
research has been conducted on this component. In addition, more emphasis

nesto be given to energy flow and food webs.

Som otermajor areas where data are generally lacking are exact fish spawning
K and nursery locations, quantitative benthic data, particularly for areas likely
~ . to be dredged or used as disposal sites, and contaminants, particularly tho~se

found in sediments in areas likely to be dredged.

A major force in environmental studies is the potential of man-caused
development of an area. Such a potential exists for the River. Recently, a
list of 18 studies was prepared by the Fish and Wildlife Service for the Corps
of Engineers. These studies are needed to identify and quantify potential
impacts from proposed new navigational development in the International sectionr of the St. Lawrence River (Table 60). These broad studies identify specific data
needs. Other studies would also be needed. For example, studies would be
needed to thoroughly understand the ecosystem during winter and to assess any
impacts fromn winter navigation or other winter activities that way be proposed

inthe future.
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* Table 59. New York State Departmennt of Envirormienta1 Conservation candidate
species for additional studies to establish baseline data for use

* - in evaluating navigation project impacts alonIg the St.* Lawrence
River.

Birds

CORE=n Loo Killdeer
Pied-billed Grebe Spotted &Andpiper
American Bittern Ccuuaxn Tern
Green hieron Black Tern
Black-crowned Night Heron Short-eared Owl
Mallard Tree Swallow
Gadwall IPugh-winged S-wallow
American Widgteon Bank W~allw
cr-prey Cliff Swallow
Bald Eagle Sedge Wren
Pied-shouldered Hawk Marsh Wren
koregrine Falcon SONg soarrow
Virginia Rail swaxp sparrow
Can=ix Uallinule Red-winged Blackbird
American Coat Ccuiv Grackle-

Manuals
Raccoon Muskrat
Mink Bats (Myotis smp.)

Anphibians and Reptiles

Blanding s Turtle Stinkpot
Spiny Softshell Turtle MudPUj~y
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Table _jj_. Plant species found along the St. Lawrence River prior to Seaway
construction (1955) that were not found in more recent studies, and
their occurrence by habitat type. Data taken from studies in 1932
and 1955.+@ _

Occrrence byhabi tat

i a

Lb. C J 0:3(

S _ .U to M

W o- M, = 0 --
Scientific name Common name _J 3 U_( V

BRYOPHYTA

• Amblystegium irriguwn water-loving hypnum x x
• Dftpanocladus adunms hooked moss x x
• Riccia fluitans slender riccia x x

EQUISETACEAE

Equisetwn hyemaZe rough horsetail x .Equisetun variegatwn variegated horsetail x x x" -

ISOETACEAE ..o

• Isoetes echinospora quilIlwort x .-

LYCOPODIACEAE

Lycopodium flabetliforme cl ubmoss

SELAGINELLACEAE

Ophioglosu vuZgatw adder's-tongue fern x )
#Selainella apoda meadow spikemoss x x x x

POLYPODIACEAE

Athynwn thelypteroides s ilIvery spl eenwort x
Dryopteris austriaca mountain woodfern
Dr4opteri8 disj.ncta woodnfern

Dryopteris phegopteris woodfern
*nyoperi8 simuata evergreen woodfern x

PINACEAE

Eqnua n hwyena jack pine tai.x x
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Table 61. "continued)

Occurrnce habitat

I63:

C

~4- to 0 (A

S_ C 4-'J~ I wi
o Ma (A .0~ 63 40 4

4-' 4J- S- (AC U 0 M
4_) M. U_ En V) WU

Scientific name Connon name Cd

POTAI4OGETONACEAE

*PtajJ7ogetol wmevicanus long-leaved pondweed x x
*Potcwogeton anguatifolius narrow-leaved pondweed x x
Potmogeton berchtoldii var.

acuminatue Berchtold's pondweed x x
*Pocawgetn bupieuroides clasping-leaved pondweed x x
*Potceton compresous eel-grass pondweed x x
*Potamlwieton filiformis shallow water pondweed x x
*Potajwgeton friesii Fries' pondweed x x
*PoJtcageton gramineua various-leaved pondweed x x
Potanvgeton inoensa Illinois pondweed x x

* . Potcwgeton nodbous long-leaved pondweed x x
*Pb*anwgeton obtusifolius blunt-leaved pondweed x -
*Potamogetfl panormitanus pondweed -

*potocgeton prae tongue white-stemmed pondweed x x
*Potawgeton vaginatus pondweed x x

NAJADACEAE

**Zmicell palustris horned pondweed x x

AL ISMATACEAE

**Aliem geyeri submerged water plantain x x
Sagittaria grcaninea grass-leaved arrowhead x x
52Sgittaria heterophytta arrowhead x x

GRAIWINEAE

#Agr'opyron trachycaulum quackgrass x x x
Agroatie atba bent grass x x x
Agroatia paluetri8 bent grass x x x
Agroetie scabra bent grass x x x
Alopecurus aequalis foxtail x x

#Andropogon gerardii beard grass x x
*Avena fatua oat x x

Avena sativa oat x
Brachyetytrwn erectum brachyelytrum x
Bromus citiate brome grass x x
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Table 61. (continued)

Occurrence b habitat

.~-o 4-1
S r- 4A

--

Cina ~r0nina awod ee gas

01dptspet~e oegas x~l

~4- 0 0 a W
.g 4n "o a)gs

0 00 1A ). S_ WOf
*J - C4J.O = M U -0

Scientific name Common name -x C U &n $A

Cinna arundinacca wood reed grass x x
Digitaria ischaenwn finger grass x x
Evagros tis pectinacea love grass x x
Era grastis poaeoides love grass x x
Festuca elatior meadow fescue x x
Festuca zubra fescue grass x
GZyceria borealis manna grass x x
Hordewn jubat n squirrel-tail grass x x
Hordewu vulgare barley x
Hyatrix patuZa bottle-brush grass x
Loliu perenne perennial rye grass x x
Mscanthue BaccharifIcrus grass x
Mhenbergia mexicana meadow muhlenbergia x x
Oryzopsia asperifoZia mountain rice x x
Panic= flexi e panic grass x x
Panicu= Zanuginooum panic grass x
Panicum linearifolin panic grass x
Paniown tucker'inanii panic grass x
Panic= virgatwn switch grass x
Penisetu aetaceum fountain grass x
Poa aZodes meadow grass x x x
Poa annua low spear grass x
Poa patuatris meadow grass x
Setaria glauca pigeon grass x
Setaria vertici ata bristly foxtail grass x
Setaria viridis bottle grass x
Spartina peotinata cord grass x
SphenophoUio intermedia slender wedgegrass x x x
Sporobolzs neglectus drop-seed x x
Triticum aeetivwn wheat-grass x x

*Zizanja paltutris wild rice x x

CYPERACEAE

*Carex aquatiZie northern water sedge x

Cavex arotata drooping wood sedge x x
Carex debiZia slender-stalked sedge x x
Carex deweyana Dewey's sedge x x
Carex eeaulentus sedge x
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Tabl e .IL. (continued)

Occurrence by habitat

,a MQ4
FA~4

W V-to go
4- @1U 00

W = 4~,06 0 V1

*4J CA-U U 00 i

Scientific name Coumnon name M .U__ V) &

Cam=: gzaoiZ~im graceful sedge x x x
Care: hyatriacna porcupine sedge x
Care: intwneeoena bladder sedge x x x x x
Care: ZUaiocarpa slender sedge x x
Care: paL eeoene pale sedge x
Care: penay~vanioa Pennsylvania sedge x
Carvx pro jeota sedge x

LCare: ret roraa hop sedge x
Care: roea stel late sedge x
Care: roetrata yellowish sedge x x
Cave: scoparta pointed broom sedge x x
Care: tenera marsh straw sedge x
Care: triepewi three-fruited sedge x x
Care: viruua green sedge x x

*C~adium imzviecoides twig rush x x
Cypevue rivu~arie umbrella sedge x

*#uihu arundinaceun three-way sedge x x
Meoai ca~va spike rush x
Eleocharie oonrpressa spi ke rush x

*Eeoohavie pa~utrie large creeping spike-rush x
ERoharia vwULii Small's spike rush x
Scirpue fZuviatiZie river bulrush x x
Scirpue rubrotinctue bulrush x x

#Soizpue amithii bulrush x x

ARACEAE

Ariaem tzriphyZw Jack-in-the-pulpit x x
*SpnpZooarpue foetidue skunk cabbage x x

LEMNACEAE

WoZffia co~Umbiana water meal x

JUNCACEAE

J_9 wruous a~pinue rush x
Jrwwu b2V~ViW=dtUe rush x
Jwwu bufoniue toad rush x x
rwmsu dud~e$ rush x x x
Junoue tenude rush x x x
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Table 61 .(continued)

Occurrence byhabitat

0 410

0

4-00U

= C4j .0~ ) 0U ~u
4o 4) 44 j 0 1

Scientific name Common name-' L.4f (l

LILIACEAE

*Asparagua offioinaUie asparagus x x
ConvaZaria majaZis lily-of-the-valley x
HemerooaZ is ji~va day-lily x
PoZygonatum pubeacena hairy solomon's-seal x x
frilim unduZatum painted trillium x x
UL vuZana grandiflora large-flowered beliwort x

ORCHIDACEAE

liabenaria hygpe2'borea northern green orchis x x x
Habenaria peycodee small purple fringed orchis x x
Liparia Zoeeeii bog twayblade x x x
Orohia spectabilis showy orchis x

SALI CACEAE

Popu~ue a~ba white poplar x x
Popu~uo canadensia Canadian poplar x x
Sa~ix bebbiana bebb willow x
Salix rigda rigid willow x

CORYLACEAE

Cory Lue amezioana American hazel x x

ULMACEAE

Ce~tis ocoidenta~i. hackberry x x
IZvw thomaii rock elm x x

CANNAB JNACEAE

HumuZua Sp. hop x x x
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Table 61. (continued)

Occurrence by habitat

CA 4)

0 0 4-)

3:
IA 4Al £-

a, C
- 4- d 0 W i

r- V- a

5- C 4j).~U'*-o to PA.O CA U4)
4.) Wn 41 . 0 L.
4.) 4J 5. L ( U 00 O

Scientific name Commnon name-' L.Ii C/

URTI CACEAE

PiZea pumila clearweed x
Urtica g2'acz.12. slender nettle x x

SANTALACEAE

Comandra richardejana sandalwood x x

POLYGONACEAE

Pagopyrwiz eagittatum buckwheat x
Potygomnu aehoreum knotweed x

S Polygomn wiculare blsac kntwe x

Polygonwn cuopidatum Japanese knotweed x
Polygonum scandena climbing false buckwheat x x x x
Rumex orbicutatus water dock x x

CHENOPODIACEAE

Atxriplex patuta orache x
Chenopodiwn capitatum strawberry-blite x x x
Chenopodiwui gZaucum chenopodium x x x

AMARANTHACEAE

*Acnida altiaaima water hemp x
Amrwanthuo retoflexzw green amaranth x x

NYCTAGI NACEAE

Mirabi~ie hirauta four-o'clock x
MirabiZis nyctaginea four-o'clock x

CARYOPHYLLACEAE

Arenaria Zateriflora grove sandwort x
Stel4.aria Zongifolia long-leaved chickweed x x x
Ste l~aria media common chickweed x x
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Table 61. (continued)

Occurrence byhabitat '

0- @0C

CA .- r- W
to W2!0 00M

0 to -W 0S )W0
4J r- 4- 0 M 0 L

4 J 4-) I.. S-i 00U
. W @ 0. M 0

Scientific name Commnon name - i.(l i

NYMPHACEAE

Nuphar rubrodiscwn yellow water lily x x
*Nympozanthus advena yellow pond lily x x

RANUNCULACEAE

Anemone riparia thimbl eweed x x
Ranunculua abortivue kidneyleaf buttercup x x
*Rnnuu aquatilue water crowfoot x x
Ranunculus Zongirostris white water-buttercup x X
Ranunculus recurvatua hooked buttercup x
Ranunculus reptana creeping spearwort x x-

BERBERIDACEAE

Berberi8 vulgaria commnon barberry X

MENISPER4ACEAE

Menispermum canadeneie Canada moonseed x

CRUCIFERAE

#Arabia divaricarpa rock cress X
A2roracia Zapathifolia horseradish X
Braaaica kaber charlock X

#Dentaria maxia large toothwort x
Erucaatrum gai~icun eruc-strm x
Erysium cheiranthoideo worm-seed mustard x X

*Radicula aquatica lake cress X
Rorippa istandica yellow cress X
Rorippa sytveatri8 yellow cress X

PODOSTEMACEAE

*Pdem ceratophyllum river weed x 7
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Table 61. (continued)

Occurrence by hbitat

a 3:

S. C 4 . CA

4J 4J (AU M Mn
r- iD 51 0,
_j Mo in >,0 n 0

Scientific name Commnon name . U.V U

SAXI FRAGACEAE

Mitetla nuda naked miterwort x x
Ri bee cynoabati pasture gooseberry x x x
Ribea e9ativum garden red currant x x

ROSACEAE

Ama Zanchier intermedia swamp juneberry x x
Amelanchier 8tolonifera running juneberry x x
Atonia melanoca'pa chokeberry x x x
Cr'ataeguo chraocarpa hawthorn x x

*C2'atae qua punctata hawthorn x x
(7 CmPtae qua aubmottia hawthorn x x

Cratae qua aucculenta hawthorn x x
Fragaria vea9ca wood strawberry x x x
Potentilia argentea silvery cinquefoil x
Potentilta intermedia cinquefoil x
Potentitla recta rough-fruited cinquefoil x x
Prunu nigra Canada plum x x x
Robaa gnana Virginia rose xx

Ruz aae~8smooth blackberry x x
Rubus hi~piduebristly dewberry xx
Rubu8 occdentalisblack raspberry xx

Rubus aetoaua bramble x x
Rubue 8trigomua red raspberry x x x
Sorbue9 aucuparia European mountain ash x x

LEGUMI NOSAE

#Apiosamwericana groundnut x x
#Atragalua canadenaia milk-vetch x x x
Dearidium canadenee showy tick-trefoil x x
Tzifoliwn procwnbena smaller hop clover x

OXAL IDACEAE

(0_ Ozati mantana commnon wood-sorrel x
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Table 61 .(continued)

Occurrence by..habitat

W) CA

-0 4A

S.. 4 J - 'U

4- 1 - ' .) U "0 S
00 + .O j do t

GJ 0- = 0
Scientific name Comm~on name -V~I.L) (I)

EUPHORB IACEAE

Acalypha rhornboidea three-seeded mercury x x x x
Fullhorbia glyptoopcr-ma spurge x
Euphorbia, heliosccpia sun spurge x

Eu-horbia maculata sprex
Ezphorbia platyphylla spurge x
Euphorbia supina milk-pursiane x
Euphorbia vermicuZata spurge x

CALLITRICHACEAE

CaZlitriche hertnaphtcditica water starviort x
Callitriche palustriv water starwort x x-

ACE RAC EAE

Acer nigrum black maple x x

IIIPPOCASTANACEAE

*Aeoculue hippocas'tanun' horsechestnut x

BALSANI NACEAE

iTmpatiens glandluZifera jewelweed x x

RHAMvNACEAE

Ceanot hue carericanue New Jersey tea x

VITACEAE

Parthenoci 7sus inserto thicket creeper x x x

MALVACEAE

M4va pusiZa mallow x x
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Table 61. (continued)

Occurrence by habitat

C 4- 1 ..'. .
-J -13.

Scientific name Common name -

GUTTIFERAE "

Hypericwn boreale St. Johnswort x
Hypericun canadense Canadian St. Johnswort :x
Hypericwn virginicum marsh St. dohnswort x:

VIOLACEAE

viola ospersa dog violet x x
Viola pallens northern white violet x x
ViolZa puescew downy yel low violet
Viola rostrata long- spurred vi ol et

i Viola septentrionalis northern blue violet x

ELAEAGNACEAE"" : '

Shepherdia canadensis bu ffa lo- berry ;''x

ONAGRACEAE v

Ciroaea alpina smal ler enchanter's nightshade x--
Epilobium coZoratw purpl e-l1eaved wilIl1ow-herb :x::
Epilobiwn gZanduloewn northern will1ow-herb x:::
Epilobiwn leptophyllwn narrow-leaved wil1low-herb x:
Lpilobiwn strictum downy will ow- herb x-
Oenothera perennis evening primrose x.
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F Table 61 .(continued)

Occurrence byhabitat

4J E

S_ ~ Ca 4J

4J 4) :

+J. 4-J L. S A U
U o

Scietifi nam Comon nme MI U I U 0n tnW

UMEnEL- .E- E

#1jerac-lew Zaau parle x~0U

Scireifi na Cnuron name dogwoo x .

UEIAERAE

Elleracw Zaatn plarsley leery x

Oorvria ng ntiotli sweet cicel x

Sania gregara srngeero tia x x

APCNACEAE

Acne rugosabirondeaf dogwoo x

ORAICACEAE

Gapplaacha aata blacksheber x-
LytXoaspnz an etfoicial sheepn laroell x x

Genstin ecrii frined fogetmeno x xx

APOCYNACEAE

verbepna erciata shtevedvi x

AO4



Table 61. (continued)

Occurrence byhabitat

V 4-)

4j CAI
0j = 0 S

4J ~ ~ ~ 9 43S

Scintiicnam Como nae _ : U ) '4-

0 V VTA

Elsh~tz, crsaaesoti
Lamiwn~~~~W 00~xca ~ eni

Mentha0 pieiappprin
ScuteZ~~~~aria~ 0aeiclt sklca

Teucriu U)adns gemne x9 03

0 V U) ).0 U) AE

Scienificname minuns dwr namergo -'xU.(I i

eai apeicule smal-bi wre xeadi
Merna pieritua Erpemntboklm x x
Vcenca galericlata r skullcap ll x

Veuriwcaaerseeifi th-eranded spewl x x

OLANCACEAE

EPhyalie alkkgigroun-chrry xxx

~~1? SCRPULIACEAE

Caenrrnn minur bdafsnprago x

Geraiays paupx'ua smll-flowmer geari x
L onica becaua Eouopain booeskle x x

SyEpfaurirginoian a wbehrops x 7
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Table 61 .(continued)

Occurrence by habi tat

W 43 '

4- M t

434n
0~~4 toU)U0 0 0 n

4-3 0 'a S... n - .

4J 4- MO n -

Scientific name Common name Omj .OL V 3 n

CAMPAIIULACEAE

Campanula uliginova marsh bellflower x
*Lobelia siphilitica great lobelia x

COMPOSITAE

Ambrosia trifida great ragweed x x
*Antennaria fala pussytoes x x x
*Antennarila neodioica pussytoes x x x

Antennaria petaloidea pussytoes x x x
Artemisia biennia biennial wormwood x
Art erisia vuZgaris muigwort x

*Aster novi-be2~gii New York aster x x x
*Aster ontarionis Ontario aster x x

*Bidens beckii water marigold x x
B'Ldena connata swamp beggar-ticks x
Chrysanthemwn partheniwn feverfew x
Erizgeron canadensis horseweed x x
Gatinsoga citiata galinsoga x
Helenium autwnnae sneezeweed x x x
Heliaznthus annuus commnon sunflowei x x

*Helianthus grosseserratus saw-toothed sunflower x x
E elianthus tubezoas Jerusalem artichoke x x
H'le liopois helianthoides ox-eye x x
Hieracium scabrwn rough hawkweed x x
Lactuca biennia blue lettuce x x
Lactuca canadeneis wild lettuce x x
Lactuca scariola prickly lettuce x
Matricaria natricarioides pineapple-weed x
MegaZodonta beckii water-marigold x x
Rudbeckia triloba thin-leaved coneflower x x
Senecia vulgavis conmmon groundsel x
Senecizo vis006us stinking groundsel xI
SoZidago nemoralie gray goldenrod x
Solidago rugosa rough-stenuied goldenrod x x x
Sonchus arvensis field sow-thistle x x -

Sonchu8 as per spiny-leaved sow-thistle x
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Table 61. (continued)

+Dore and Gillett 1955 (except as noted below)

*Muenscher 1931

#Predicted by Dore and Gillett (1955) to disappear from region (Johnstown to
Cornwall, Ontario) following flooding from Seaway Project

@Common names and some habitat information according to:
Britton and Brown 1896; Brockman 1968; Cobb 1963; Crum, Steere, and Anderson
1973; Fassett 1975; Grout 1936; Hitchcock 1935; Peterson and McKenny 1968;
Petrides 1972; Rlckett 1966; Robinson and Fernald 1908; Shuttleworth and Zim
1967; Symonds 1963; Torrey and Gray 1969; and Lesquereux and James 1884.
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Table _§2 Plant species found along the St. Lawrence River and their occurrenfie
by habitat type. Data taken from studies in the 1970's and 1980's.v**

Occurrence by habitat

a ~ 0

,*.a CA

L. C 4.) .0~ ,~

o 01 M.
Scientific name Conunon name -j M I U_ V) L) I

BRYOPHYTA

*Arct haueknichtii moss x x
*Brachthecjm spp. hypnum moss x x
*Byuml a2'geftiwfl silvery bryum x x
*CallcZadiui haldanianuun moss x
*Ceratodfl pyrpureus purple horn cap moss x x
*Mmaiw dendroideo European tree moss x x x
*Dcae fzsooaocene fuscous dicranui x

**Dijtv== montanwn moss x
*Dcae acopariun broom moss x
*Drpanocladue uncinatue moss x x
*Fonti,,aZie sp. water moss x x _1

* uari hggrometrica cord moss x x
**HerogeZ~ atriatet~a moss x

*jjypnwn palZeecena hypnwn moss x
*Leptdictywn, ripariwn moss x

**ecbywn gZaucwn white moss x
*P~agiothecim, eavifoliwen moss x

**Pohlja nutans nodding bryum x x
**FoLytric.wn juniperinwn Juniper hair-cap x

*Polytpjocjn ohioenee Ohio hair-cap x
*Raoirw spp. moss x
*Tetraphzje peZ~ucida conmmon Georgia pellucida x x
*Thuidiwn deZioatuZurn commnon fern moss x
*Tudw recognitwii fern moss x

CHARACEAE

Chara vulgaria stonewort x x

EQUISETACEAE - 7

Equieetwn arvenee commnon horsetail x x x
#Equieetwoi fluviatile water horsetail x x
Equieetwni eylvatiown wood horsetail x x
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*Tabl e Al* (continued)

Occurrence bvhabitat

,V

r- 0

40 M

Scientific name Common name II
LYCOPODIACEAE

Lyciopodiwn clavatwn running clubmoss x x x :
Lycopodium compZatum ground cedar x x
Lyicopodiwn Zuoidulwn shining clubmoss x
Lyjoopodiwtr obecuzum tree club moss

OSMUNDACEAE

Cemunda cinnconmea cinnamon fern x x
Oernunda clay toniana interrupted fern x x x

* Cmunda regatie royal fern x x

POLYPODIACEAE

Adiantum pedatum maidenhair fern x
Athjgriwn filix-femilna lady fern x x
Cystoptez'is bulbifera bulblet fern x
Dennataedtia punctilobula fragile fern x
Dzyopteris cvistata hay-scented fern x x x71
TDryopteris margina~ie crested wood fern x x

*Dryopterie noveboraoense marginal shield fern x x
*Dryopterie BpinuZosa spinulose wood fern x x

ftrzoptez'ie the Zypteria marsh fern x x
Onoctea senibilie sensitive fern x x
Polypodiwn virgin~an rock polypody x -

Polyetichwn acootichotides Christmas fern x x
Pteridiwn aqui Limon bracken fern x x x
Pteretie penaylvanica ostrich fern x x

TAXACEAE

Taxas oanadenaja Canadian yew x x

PINACEAE

Abiee balewnea balsam fir x
Junipevue onmmie common juniper x x x
truniper'e virginiana red cedar x x x
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Table 62 .(continued)

Occurrence by habitat

U 39

r- 4- U)

4J 4 . L .(A U.

W 0 = ,
Scetii nam Como name1

Pima~4 rei-e red pine x 0

Pimea ied Norway pre x x

Pinue etvobta white pine x x
Pinue eylveetr.e Scotch pine x x
Thzvja occtidentaZis white cedar x x x x
Tsuga canadensi8 eastern hemlock x.

TYPHACEAE

1Tjpha angutifolia narrow-leaved cattail x
* y~pha g~auoa glaucous cattail x

flpha Zatifo iUa common cattail x

SPARGAN IACEAE

spaz'ganium =lerioanon Nuttal 1's bur-reed x
Sparganiwn androoZadwn branching bur-reed x x
Sparganiwn ohlorocarpum green-fruited bur-reed x x

*Spavganium euz'ycapwn giant bur-reed x

POTAMOGETONACEAE

*Potawgeton wipZijbtiue large-leaved pondweed x x
Potmwvgeton oviepue curly pondweed x x
Potanogeton epihydrua Nuttall's pondweed x x
Potanvgeton foZioezw leafy pondweed x x
Potwgeton natane swimming pondweed x x
Potamvgeton peotinatue sago pondweed x x
Potwrcgeton vichardeonii Richardson's pondweed x x
Potargeton vobbineii Robbins' pondweed x x
Potanogeton soetevifoxmis flat-stem pondweed x x
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* Table 62 .(continued)

Occurrence byhabitat

'Ao

ad r- IA
0-o 0 u

4A A V U)

r- 4J~ r 44

qW 0
Scintfi nam Como nam II

A~~~isw~ trv1 wate plnti 0
Sintfiam Counetarohame - x .&) /

V 07 BUT01ACEAE

Natmae fbeZat floeienaiadsh x

AL I SMARTACEAE

+Alia panago-qutna on water platai x x
Alinz thaiamou mewErpantarg i x
Sagittara ouneataiarrowhead x x

BUTOMACEAE

Bzstopyms wnbewtu flmorn g rs x

Egodea oanaeneie upanwd ben grsx

Agosi Va geiacntevia wild celery x x

Agrop iiszo awpn cnlen ukss m x x x

*CaZowagratie eanadeais blue-joint grass x x
DactyZis glounrata orchard grass x x x

-- Danthonia apicata poverty oat grass x x
Digtaria eon guinaZUe crab grass x x x
EdhinooZoa aruegaZ~i barnyard grass x x x
EohinoZoa pwigene wild millet *x x x
EZijmus oanadensia rye grass x x x

* EZymu virginicu wild rye x x x
Featuoa ovina sheep fescue x x
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Table j. (continued)

Occurrenceby habitat

4 0 030A

r_4- 2 1 -4 @

0J435-L 0 O

Scientific1 nae.omonnmej3 V -V

Scietific nme tiothynim x x
Prgmtee grndiegi reed ao grass x

Glycervia~i commont meadow grass x x

Pianiu apwimwd rie x xx

Chrewn aetene tsmoth x x
Pkagiex e sed~unegneegrs x x
Par copoZuea Canda lugase x x
PCareno Ketcybugrassarsseg x x x
Pa trivialis coipgon medwgas

aani aqpuia wsldre x x

Carex andncnea sedge xx x
#Carex bbbii sedge x x x
Carex scotatusc sedge x x
Carex cvibunia sedge x x
Careo, graui r e sedge x x x

Carex vZpuina sedge x x
Cpre pdinuwat se de x x

#Caprx eab'a sme de x x x
Carexe atrita tussockl sedge x

~char tibaicuari sede ruhxx

C~avex i~inoida spiedge s x
E4ieohaziadrw umbela sdg xx

E~eochaia intzblut spike rushx
E~eooharie ovata spike rush x x
E1*ochaz-! r'obbineii triangle spike rush x
Soirpue acutue hard-stemmed bulrush x x
Soirpue wiuevwwius American three-square bulrush x x
Soirpua atroviveno dark green bulrush x x
Soirpue Oypevimsa commnon wool grass x x
Soirpue va~idu8 soft-stemmed bulrush x x
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Table 62 .(continued)

Occurrence by hbitat

S. U a ) to
4- - fa0

Q_1J 0 EUAE

4J +J W U 0 M)

EU 3C U_ ) (n ) U

Scientific name Commnon name En n

ARACEAE

Acorus calams sweet flag x
Arisaema atrorubena jack-in-the-pulpit x
Peltandra virginica arrow-arum x

LEMNACEAE

Lena minor lesser duckweed x
Lemna trioutca star duckweed x x
Spirodelta polyrhiza greater duckweed
Wolffia punctata water meal x -

PONTEDERIACEAE

*Heteranthera dubia water-stargrass x x
Pontederia cordata pickerel weed x

JUNCACEAE

Juncus atricutatua rush x x
*Juncus balticue creeping rush x

Juncue effusus soft rush x x
Juncus filifoz'mis rush x x
Juncus nodous rush X x

#Juncue torveyi rush x x x

LII IACEAE

Clintonia borealis clintonia x
Erythroniwn american trout lily x x
Liliwn phi Zadeiphicum wood lily x x x x
Maianthemum canadense Canada mayflower x x
Medeola virginiana indian cucumber x
PotZyganatum biftoum solomon's seal x
Silacina racemosa false solomon's-seal x

(0Smilacina otellata starry false solomon's-seal x x x
&nilax herbacea greenbrier x x x

*Streptopus roeeus rose twisted-stalk x
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Table 62 .(continued)

Occurrence by habitat

. 4-

-0 'A -nIn V

M 0 0 

4J, , W =

4J 4J S- S. U V IU

Scientific name Conmmon name -13 n In

friZZiwn erectwn purple trillium x
friZliwn grandiflorwn white trillium x
Uvular'ia perfoZiata beliwort x
UvuZai'ia eeeaiZifolia wild oats x x x

AMARYLL IDACEAE

Leucojwn aeetivum summer snowflake x x x

IRIDACEAE

Iris pseudaeorue yellow iris x x
Iris ve'uimolor blue flag x x
Ssyrinoiwn montwwum bl ue-eyed grass x x x -

ORCHIDACEAE

CaraZZorhia a cuZata spotted coral root x
Cypzipsdiwn aoaZse stemless lady's slipper x
Epipatis h.L~ebor'ine helleborine x x x x
Spiratlw oernua conmmon ladies tresses x x x
Spivanthes ronw'wffiana hooded ladies tresses x x x

SAURURACEAE

Sauruauu oernzaw lizard's tail x x

SALICACEAE

Popu. ba~aamifera balsam poplar x x
PopuZu. d*Ztoid~a cottonwood x x
Popuu. gra,didentata bigtooth aspen x x

+Populue nigra var. ita~ioa lombardy poplar x x x
PopuZua trern'Zoidee quaking aspen x x
SaZix a~ha white willow x x
Satix bebbiana long-beaked willow x
Sa~ix disooo pussy willow x
Sa~ix fmegiie crack willow x
Sa~ix gx'ti~i slender willow x
Sa~iw Zuotda shining willow x
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Table 62 .(continued)

Occurrence by habitat

'0 0 4J

0- CA

M - W U1
49 - Ut "D * L.

0 . Ut),. U a im

Scientific name Coummon name -' 3C U-' V) V

Sa~x nigra black willow xISa~ix puavpurea purple willow x

MYRICACEAE

Comlptona peregrinta sweet-fern x x x x
+Afpica peneyZvanica northern bayberry x x x x

JUGLANDACEAE

Carya cordiformrie bitternut hickory x x
Cax'ya ovata shagbark x x
JTuglana oinerea butternut x x

+JugZans nigra black walnut x x
CORYLACEAE

AZnua rugoea speckled alder x x
BetzsZa Zutea yellow birch x x
Betu~a papypifera paper birch x x
Betu~a populifo~ia gray birch x x
Caz'pinus caz-oliniana hornbeam x x
Corylus ooznuta beaked hazelnut x x
Oetrya virginiana hophornbean x x

FAGACEAE

Caetanea dentata chestnut x
Pague grandifolia beech x
Quevwu a~ba white oak x
Quez'oue bieo~or swamp white oak x
Querous macroooarpa bur oak x
Quez'ou rubva red oak x
Quez'oe ve~utina black oak x x

(. ULMACEAE

UMmus ameviowma american elm x x x
UVmue rubva red elm x x
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Table 62 .(continued)

Occurrence by hbitat

C C-U

0 4J 0

4-) 4- .SU) u- a
W1 o

Scientific~1 name Comnnae0 A V

0 *U-C CCEA

Cannabie~O- 0aiv hep0

I.- vi 'C -4

Boehneria0 cyidrc fals nettl x)0

ANNAB OCIACEAE

Aeawn oO aadeV wile gip e x x

URTI CNACEAE

Eceiwievlia ayirtiuatfls nntettl x
LaoZygtea candeibi woodr nette x x x
Ur'tioam dici m satinin ettl x x xx

Aoaz'anm candnpee od wildr ginger x

PoZygonenZaatioaa doknoleed sorlxx

Polygon=r ooone~ wn pinktweed x x
Polygonm hdppercannn smartweed x x

Polygon=m pwiotatwn water smartweed x
PoZygonwi eagittatwn arrow-leaved tearthumb x
Rue acetosella sheep sorrel x x x

Rwe otepayellow dock x x x
Rwvwez vetiiZatua swamp dock x

CHENOPODIACEAE

Chenopodiwn aZbum goosefoot x x x
SaleoZa kati common saltwort x x x

PORTULACACEAE

CMaytonia oaroiniana spring beauty x-
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Table L*(continued)

Occurrence bv hbitat

4J 4Jen 401*
Scientific~~~~- nam Comnnme_ 1WIV

rsychnien enb wht 'min
Sqvnaria~~i -aiiai oucn e

L~~~~4 *Sien e-ub~u blde apo

Ceratophyllu enwaw conti x

is en L.O enoe

Sntfic aew noruthen naelo wate lil "- '

AYOPHYLACEAE

*Ceraeeav pacygawhit cononmueeredcicwe x xx
Diate azra deptd pinkerr x
Lycmi. anada whitoe apo x xx
SAponcwia offnais bolucin bet x x

*sjth p. uaZse badrs amigond x
Swte e Zlar grniaw corn'nst tcwrt x x x

* e~aphw trumdmrew coonf tal pu xxx

Livaioedro atipifa turl e tree lea xx

Nupari mioaZwi smallnyelow waer lily x

Nuparvavegtwnnothrn elow atr llyx7



* Table 62 .(continued)

Occurrence by habitat

'D 4J

0 0-W
4 A u-U),-- W aU

0 Wi
4J 4J- 0W 0 U)

W U) M~OU U

Sci enti f ic name Commnon name -4 39 '' VI &

Ranmculue aerie coummon buttercup x x x
RamosoulZa vepena creeping buttercup x x x x
RanuncuZua aceleratue cursed buttercup x x
EmnunauZue eeptentrionaZis swamp buttercup x
Ranmmculue trichophy~tue water crowfoot x x

*ThaZictrwn dioician early meadow rue x x x
ThaZictrn polygmman tall meadow rue x x x

BERBERIDACEAE

Cau4Zophlyllw? thalictroidee blue cohosh x
#Podophy4~m peltatwn may apple x x

PAPA VERACEAE

Cor'ydaZie aempervirens corydalis x x x
Dicentra canadenois squirrel corn x
Dicentra ouoularia dutchman's breeches x
Sanguinaz'ia ccmadenais bloodroot x

CRUCI FE RAE

**Arabie eanadenaie sicklepod x
*Barbare vulgarie winter cress x x x x
Berterca incana hoary alyssum x x
Braesica nigra black mustard x x
Cape. 14a bzsrea-paeto'ie shepherd's purse x x x
Cardwaiine bu~bosa spring cress x
Car'damine peneyIvanica bitter cress x

*Dentaria diphiflZa toothwort x
Dentaria Zaoiniata cut-leaved toothwort x
Lepidiwn 002rpeatr2e cow-cress x x
Lepidium denaiftorum peppergrass x x
Naat urtiwn offioinaZe watercress x xI
Raphams. raphanietvwn wild radish x x
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Table 62 .(continued)

Occurrnce habitat

4-g 0 up

r-I 4jfW
tot 0 4@30C

40 4J -L. 04
W -0 = n

39 U- W -@

Dmeerao roudioi sude .0-@3

Seniacne Cossy oneame x Efl

Sedoi teZephiwn garden orpine x

SAXI FRAGACEAE

mitea diphyZe miterwort. xJ
Penthrm eeoideeditch stonecrop

PhiZadelphzw coronarius mock orange x x
Ribes amevicamnu black currant x x
Ribee hirtelwn gooseberry x x
Tiaz'efla cordifoidia foamfl ower x

HAI4AMEL IDACEAE

#Rcomze Lie virginiana witchhazel x x

ROSACEAE

Agrimonia grypoaepaZa agrimony x x
Ame kmchier laevia Juneberry x x
Crataegua spp. hawthorns x x x x
Fragaria virginiana strawberry x x
Gewn aZeppicwi yellow avens x x x

dGezen canadenee white avens x x
Gewnv Zaoiniatwn avens x x x
Goum mawrophyZ~w large avens x x
PotentiZla aneina silverweed x x x
Potentil~a oanadeneis Canadian potentilla x x x
PotentiZ~a norvegica Norwegian cinquefoil x x x
Potenti~a paZuetv-4. marsh cinquefoil x
Potentil~a recta rough-fruited cinquefoil x x x

LPotentil~a BiM~Zex common cinquefoil x x x
Pz'unus peney~vanica fire cherry x x x
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Table 62 .(continued)

Occurrence by habi tat

4 -go0U

as 0 t

Scietifi name~ ComnrC

Prunus1. 8ertin blac chry

Prunue~~E *'-Cnan chkChrr

+Pyrua ~ ~ ~ ~ ~ ~ ~ 4 Eurcau Amria monanas)
Pyru- manu appl r- x

Pyrue~~~Eu meancap black chkeeryx
Rosa Mad ros x U)x E

Scientifi aense blckonbie x I.' 4n n

Pruu sevotin bldapcerry x x
fRunue viorgana chokle cherg raper x x

+PRub8 wvimericms Ahmeanmontinas x x x
Pruus muencawaf blackkberry x x x
SpRsa aZsa marshroe edw t x
Rubusa at~gieni blackbsery x x x
Ruuia tusa hrdhc raper x x
Rubs doz'atusi pugroi aren flowrnb perr y xxx

+Rubue pa rviftors thgbpeberuyt x x
Ruboum ubescnu dwgars blackers x x
Sphr'ae abari marrowetleaieaoswe x x
Bpihrea pateoZi meadowswethx x x x
Spiz'e tmeroaa tubrhac xecln x x

IEU4 NOS7E
AMpicwpa braceta hlac penut x x
Deemdiw'o gltinoa i bar's tcksa x x
Latus paZuo~ maht vwetcloger x x
Lat2u pratenie yellow vwetcloveng x x

* Mediao puli-aca black mecsk xx
Meico eati agaunllfax x x

* Meiotua aomph r lw he swecoe x x x
yef~w ubunltlowet clover x x x

frifoliwn hybridumn alsike clover x x
frifoliurn pr'atenee clover x x x
frifozium rope"a yellow clover x x x
Vicia aneioana blue vetch x x x



Table 62 .(continued)

-- Occurrence by hbitat

,a -o -o
4300

4- (d 0 I
(A In - *.-

S- r- 4-) CAe -
M (A i.S- (A ma)

4-)I, 43 W. U iv t

Scientific name Common name - f

Vicia cr'acca vetch x x
Vicia tetrasperm slender vetch x x

OXAL IDACEAE

Oxall.. europaea European wood sorrel x x
Oxalis stri eta yellow wood sorrel x x x

GERAN IACEAE

Geranium macuZatwn spotted cranesbill x x x
Geranium robertianwn herb robert x x

RIJTACEAE

Xanthoxylum americanwn prickley ash X x X

* POLYGALACEAE

*Poly gala sanguinea red milkwort X X

ANACARDIACEAE

Rhus r'adioans poison ivy x x x x x
Rhus typhina staghorn sumac x x x

AQU IFOL IACEAE

Ihex verticillata winterberry x x
*Nenvpanthus mucronata mountain holly X X

CELASTRACEAE

Cetaastru scandena climbing bittersweet x x x

STAPHYLEACEAE

Staphy tea trifolia bl addernut x x
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Table .~.(continued)

Occurrence by Lhabitat

M 04J

430

0 4 -C

4J IA S- ca 43

Acero 0ewd IAele .05 03 IA

Acer egucn boxler mal x x x

Acer eaccharwn sugar maple x x
Acer epicatum mountain maple x x

BALSAII ACEAE

Impatiens capemnej spotted jewelweed x x-

RHAJ4NACEAE

Rhanzs cathartica buckthorn x x x x

VITACEAE

Parthenociaeue quinquefoZia Virginia creeper x x x
*Vitie riparia frost grape X x x

TI LIACEAE

TiZia cunricana basswood x x

MALVACEAE

-- Hibiecua paZuetrie marsh mallow x
I&W2va ifosChata musk mallow X x x

LMaZva negleota comumon mallow x x

GUTTI FERAE

HBperloum perforatwn commnon St. John's wort x x x
Hypeviowe pwiotatan spotted St. John's wort x x x
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Table 62. (continued)

Occurrence bv hbitat

D 04J

* 3:
U ~ In 4I-

0C

S.00 040

0 4 00 i

Viola~~~ oaaai tal white vile 0)0

VIOLRACEAE

Viodoa oucuZoata u hooded voetri x x

VLar aloaria violeloetrf

ONAGRACEAE

*Ciroaea quadriaculoata enchanter's nightshade x x

*F4,iZo1biwm conto izon purpeeave willow herb x x x
Epilobiwm hireutwen willow herb x
Ludwigia paZzutris water purs lane x
Oenotheva biennie evening primrose x x x

HALORAGACEAE

NijviophyZ~um exalbeeceno spiked water milfoil x x
MyzviophyZ~wn hetevophyL~um various-leaved water milfoil x x
ftviophyZUmn verticsilatwn green milfoil X X

ARAL IACEAE

*Arvalia vcernosa spikenard x
Ar'a~ia nudicauLis sarsaparilla x x

UMBELLI FERAE

Aegopodiwn podagraria honewort x
( lngeic at2'opu'puvea angel ica x x

Cicuta bu~bifei'a water hemlock x x
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Tabl e 62. (continued)

Occurrence by habi tat

0 0 43

00

) "~0 to 6V

L C4~.O )~-

4. to( ML 4) CAC U 0
4.) 4.) _ S-U)A 0 00M

Scientific name Commnon name -' M U- Cn CA 0:

Cicuta rmzculata spotted cowbane x x
Cry ptotaenia canadensie honewort x x
Daucus carota wild carrot x x x
Pastinaca sativa cow parsnip x x
Sium suave water parsnip xj

#Zizia: aurea golden alexanders x x
CORNACEAE

Cornzse alternifolia alternate-leaf dogwood x x
Cornus cmomum red willow x x x

*Cornus canadensis bunchberry x x x x
Cornus racewrsa panicled dogwood x x x x x-
Cor'nza etc onifera red osier x x x

PY ROLACEAE

Abnotropa uniflora indian pipe
Pyoaelliptica shinleaf x x

ER ICACEAE

Gaultheria procumbeno wintergreen x x
Vacciniwn anguetifolium bl ueberry x x x
Vacciniwn corymbosurn high bush blueberry x x

PRIMULACEAE

Lysinrachia ciliata loosestrife x x
Lyeimachia nwmvnuZaria moneywort x x
Lyeimzachia quadrifoLia whorled loosestrife x
Lysimachia terreetria swamp candles x x
Lyeirirachia thyroiftZora tufted loosestrife x
frientalis borealis star flower x

01 EACEAE

Fraxinue coericana white ash x x x x
Fraxinue nigra black ash x
Fruxinue penneylvanica red ash x x
Syringa vulgarie lilac x x
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Table 62 (continued)

Occurrence by hbitat

U 39

4-1 ~ ' 4- @ _#A U #a

0 ) 0 -M
Scientific~~~'4- 0am Comnnae, U n (

Vinc4. 4..)r peiinl 1t 0 00

GSCEIAACEAE

AsCetai rnlatwn cewauryikee x x
Geiaa ndreai cilosed geta x x

POCYNVUACEAE

Aonwnvuu aroeifou spreadindgbed x x

* Vincua mino 1 podernl x x x -

ASCLEPIADACEAE

Asclepiaw ia na n swamp lkwee x x

CO VOGVUACEAE

Cywnoevzs aepiciam Heude tinwe x x
+Cucw utagr i doder uls x x x
* Ionveas Zamua morngtgl-oy x

HYDROPHYACEAE

Vee Hyohatt blrueinu waeran x x

BOGIACAE

GaEchizi tetgah vipebtlos- x x
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Table 62. (continued)

Occurrence by habitat

C I V

139

WI VI a t

S-- ra Iu
0 C 90 0 4A

5- C 4.) W I*-
W o I.0-diVd
(U)r Mi U. V

4.) 4.) W U 0 0

* Scientific name Coummon name - . n i

GZeolwwmz hedezacea ground ivy x x
Leonuru oavdiaoa motherwort x x
LyjoopueamQerioanus cut-ileaved water-horehound x x
Lyjoopus umiftovua bugleweed x x
Mentha a2'veneia horseweed x x

IMonarda fietuZoea wild bergamot x x x
Nepeta oatai'ia catnip x x
PrtUfla vuZgarie heal all x x
Sat zauja vuZgaz'ie basil x x
scute~laria epiZobiifolia marsh skullcap x x x
ScuteZ~ar'ia Zaterifotia mad-dog skullcap x x
StachyB paZzwtria sound wort x x x
Staoluys tenuifoiia hedge nettle x x

SOLANACEAE

Lyoium halimifoZium matrimony ivy x x
So~anwn duZcwtiara bittersweet nightshade x x x
Solamwn nigrum common nightshade x

SCROPHULARIACEAE

CheZone gZabra turtlehead x
Euphraaia officinalie eyebright x
Gexardia tenuifolia gerardia x x x
Gvatiola negZeota hedge hyssop x x
Linaria vuZgarie butter-and-eggs x x
Mimumu 2'ingene monkey flower x x

*Penetemon hirautus beard tongue x x
SorophuZaria ZmaoeoZata figwort x x
Scrophzukwia nrwiZcadica carpenter's square x x
Vez'baeowu thapaus commnon mull ei n x x x
Veroniea offioinaZlis speedwell 1 x

LENTIBULARIACEAE

Utvioulazria vulgarle blatterwort x x

ACANTHACEAE

+J7ustioia amr'fawa water willow x x
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Table 62 (continued)

Occurrence by hbitat

to( 0 S_ E)UA0

U_ V) V

P~~mtagoE mao como plantain x x n

P~~anta4. rugZi plnti -I U 00

HRYMIACEAE

Cphlanto Zacceata~i ritbgs x xx

IiGaliwn moilugo wild madder x x x
Gatiwan obtuen bedstraw x x
Gatiwn triflorwn sweet scented beds traw x x
Pitchelia repena partridge berry x

CAPRIFOLIACEAE

*Diervitta lonicera bush honeysuckle x x x
Lonicera canadenasis fly honeysuckle x x x
Lonicera sempervirens trumpet honeysuckle x x
Lonicera tatarica tartarium honeysuckle x x x
Sambucuw canadenois elderberry x x x x x
Sambucus pubens red elderberry x x x x
Symphoricarpos albus snowberry x x x
Viburnum acerifo lium maple-leafed viburnum x x

*Vbru atnfolium hobblebush x x
Viburmnu caeainoidee wild raisin x x x
Viburn lentago nannyberry x x x
Viburnum recognitum arrow wood x x x

VALERIANACEAE

Vateriana officinalia valerian x x x
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Table 62. (continued)

Occurrence bhabitat

3:

4- 04

SC C 4-i.n
0 S ) w"

4-J M- U '0
4-3 4-)

• r- O9- ..

o 0

Scientific name Common name_ - -

CA0PANULACEAE

Canpanula aparinoides marsh bel lfl ower x
Campanu~a glonerata clustered bellflower x x
Campanua rapuwcu/oides bel lfl ower x x
#CaanuZla rotundifolia harebell I xLobe0ia cardinalis cardinal flower x x
Lobetia inftate indian tobacco x x
LobeZia kalmii lobel ia x x ;TT'

COMPOSITAE T']

o oin 01.a, II

AohiZlea millefolium yarrow x x x -
Ambrosia artemisiifolium ragweed x x -- --
Anaphalis margaritacea pearly everlasting x x xii:
Antennaria neglecta pussy' s toes x x "-:
Anthels cot2u i mayweed x'

Arctiwm nrinus burdock x x ".:
Aster acwninatus whorled wood aster x--
Aster cordifoZius heart-leaved aster x x
Aster ZaterifZorus calico aster x x
Aster ZoCap eaans lowre's aster x
Aster iacrophyllis carge-eaved aster x x
Aster novf-angliae New England aster x x
Aster prenanthoides crooked-stemmed aster x'.
Aster punikcsl purple-stemmed aster x
Aster simpllefiparrwd asterx x
Aster tadesmfti tradescant's aster x
Aster nbelZatu e flat-topped white aster x x
BAnene erlu t stick tight x
BiA m frodiosa beggar ticks x x
BAste amvis bur marigold xCentaurea macuosa Star thistle x xaster -x
Ctrsathermleucantheue ox-eye daisy x x
Ctozen inubsoa chicory x x "
Cireiu arphue Canadian thistle x x
Cirni - e discoNor field thistle x x
Cirsin e oZgare common thistle x .
Asigeron anus daisy fleabane a x x

. Asgeron phiZ etphiu common fleabane x x x
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Table 62. (continued)

Occurrence by habitat

IA ui 0
4-

• i- ]n

0 CA

.44I-. 4 S_ S U 0 M

0~&l>O InOY")
I. 4 .) : .O - In ul

Wo= = u 0%
-I-@ O.C 0

Scientific name Common name -h 2 L. Ii I -

Erigeron etrigoaeus daisy fleabane x x
Eupatoriw niulatwn spotted Joe-Pye-weed x x
Eupatoriun perfoliatum boneset x x x
Eupatoriwn purpuzeum sweet Joe-Pye-weed x x
Eupatorim rugoum white snakeroot x x
GnaphaZium obtusifoium sweet everlasting x x
Gnaphaliun uliginoeum low cudweed x x
Helianthus divaricatus woodland sunflower x x
Hieaciwn aurantiacum orange hawkweed x x
Hieracium florentinum yellow hawkweed x x
Hieraciwn pratense king devil x x
Inula helenium elecampane x x x
P cris hieracioides picris x x x
Prenanthes alba lion's foot x x
Prenanthee altiseima rattlesnake root x
Prenanthee trifoliota gal l-of-the-earth x x
Rudbeckia hirta black-eyed susan x x x
Solidago aZtisima tall goldenrod x x
Solidago bicolor silverrod x x
Solidago caesia blue-stem goldenrod x
Sotidago canadeneie canada goldenrod x x x

*Solidago flexicaulia zigzag goldenrod x x
Sotidago gigantea late goldenrod x x
SoZidago grarinifoZia lance-leaved goldenrod x x
Solidago juncea early goldenrod x x x
Sonchue oleraceus sow thistle x x
Tanacetun vulgare tansy x x
Taraxacwn officinale dandelion x x x
fragopogon pratenais goat's beard x x
Xanthium struarium cocklebur x x

@Gels 1977 (except as noted below)

*U.S. Fish and Wildlife Service 1979

+U.S. Fish and Wildlife Service 1983

#Predicted by Dore and Gillett (1955) to disappear from region (Johnstown to
Cornwall, Ontario) following flooding from Seaway Project
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Table 62 (continued)

**Common names and some habitat information according to Britton and Brown 1896;
Brockman 1968; Cobb 1963; Crum, Steere, and Anderson 1973; Fassett 1975; Grout
1936; Hitchcock 1935; Peterson and McKenny 1968; Petrides 1972; Rickett 1966;
Robinson and Fernald 1908; Shuttleworth and Zim 1967; Symonds 1963; Torrey and
Gray 1969; and Lesquereux and James 1884.
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Table 63 • Annotated list of fishes of the St. Lawrence River watershed.*

Petromyzontidae - lampreys

1. Ichthyomyzon fossor - Northern brook lamprey. Nonparasitic. May be found
in tributary streams, but has not been recorded from the St. Lawrence
River. Scott and Crossman give its habitat as creeks and small rivers,
but state that it avoids both small brooks and large rivers.

2. Ichthyomyzon unicuspis - Silver lamprey. Parasitic. Adults occasionally
found attached to fish. Greeley listed this species as rare. Ammocetes
probably do not occur in the St. Lawrence River.

3. Lampetra lamottei - American brook lamprey. Nonparasitic. Prefers cold
brooks and small rivers. Has not been recorded from the St. Lawrence
River.

4. Petromyzon marinus - Sea lamprey. Parasitic. Considered rare by Greeley.

Occasionally found attached to fish. A 1971 survey of New York's
St. Lawrence tributaries failed to discover any ammocete populations
(Eckert, unpublished manuscript). Adults found in the St. Lawrence
probably come mainly from Lake Ontario.

Acipenseridae - sturgeons

5. Acipenser fulvescens - Lake sturgeon. A once abundant species, now
drastically reduced due to a combination of overexploitation and
degradation of its habitat. Greeley considered it rare in the
St. Lawrence above Ogdensburg, but moderately common below. A two year
study of the sturgeon in New York waters of the St. Lawrence carried
out in 1969 and 1970 (Jolliff and Eckert, unpublished report) found
the species rare above the Moses-Saunders Power Dam, but moderately
common below. However, even this population was composed mainly of
young individuals, and appeared to be overexploited. Male sturgeon in
spawning condition were found to congregate below the Moses-Saunders
Dam, but spawning could not be documented.

Rare in 1976 project sampling due primarily to inappropriate sampling
gear.

Lepisosteidae - gars

6. Lepisosteus osseus - Longnose gar. Moderately common in shallow bays and
creeks. Rarely taken by anglers. May have increased in the lower
St. Lawrence following formation of Lake St. Lawrence.

7.•
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Table 63 • (Continued)

Amiidae - bowfins

7. Amia calva - Bowfin. Moderately common in shallow areas. Rarely taken by
anglers.

Anguillidae - freshwater eels

8. Anguilla rostrata - American eel. Common throughout the river, abundant in
Lake Ontario. Young eels moving upstream are delayed and at times
concentrated below the Moses-Saunders Dam. Adult eels moving down-
stream are often killed as they attempt to pass through the dam's
turbines. The extent and significance of this mortality is unknown.

Clupeidae - herrings

9. Alosa pseudoharengus - Alewife. Abundant throughout most areas of the
St. Lawrence River. An important forage fish. Probably increased
in the lower St. Lawrence due to the formation of Lake St. Lawrence.

10. Alosa sapidissima - American shad. Greeley reported a single specimen from
Cape Vincent. Apparently the result of introductions into Lake
Ontario which eventually proved unsuccessful. Now extinct in Lake
Ontario and the St. Lawrence above the Ottawa River.

11. Dorosoma cepedianum - Gizzard shad. Fairly common throughout the St.
Lawrence River. Common to abundant in Lake Ontario. May be a fairly
recent arrival to the St. Lawrence, and was not reported by Greeley.

Hiodontidae - mooneyes

12. Hiodon tergisus - Mooneye. Rare. One specimen collected just above
Iroquois Dam; a second reported from Ogdensburg in 1973. Apparently
has declined in abundance since the 1930's. Greeley listed them as
fairly common and made several large catches with gill nets. Scott
and Crossman report them to be sensitive to siltation and turbidity.
Degradation of the river may be a factor in their decline.
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Table 63. (continued)

Salmonidae - trouts

13. Coregonus artedii - Cisco. Greeley reported catching numbers of
young (0+) ciscoes around Waddington and Ogdensburg, and that
adults were common in Lake Ontario. The population in Lake
Ontario has apparently declined since that time, but adults are
still fairly common and undoubtedly stray into the upper end of
the river (area 1). No specimens were collected in 1976.

14. Coregonus clupeaformis - Lake whitefish. Greatly reduced populations
in Lake Ontario and some Adirondack lakes. Could stray into the
St. Lawrence River, although it has never been reported.

15. Coregonus hoyi - Bloater. One of the deepwater ciscoes. Now rare
and possibly on the way to extinction in Lake Ontario. Could
conceivably stray in the St. Lawrence River, although it has
never been reported.

16. Coregonus kiyi - Kiyi. Another deepwater cisco. Now rare or
extinct in Lake Ontario. Could conceivably stray in the St.

* . Lawrence River, although it has never been reported.

17. Coregonus nigripinnus - Blackfin cisco. Same as for C. kiyi.

18. Coregonus reighardi - Shortnose cisco. Same as for C.

19. Oncorhynchus kisutch - Coho salmon. Introduced into Lake Ontario.
Individuals undoubtedly stray into the river, but would not
tolerate the warm summer temperatures. Was not collected or
positively identified from angler catches in 1976.

20. Oncorhynchus nerka - Sockeye or kokanee salmon. Same as for 0.
kisutch but is rare in Lake Ontario.

21. Oncorhynchus tshawytscha - Chinook salmon. Same as for 0.
kisutch.

22. Prosopium cylindraceum - Round whitefish. Rare in Lake Ontario and
some Adirondack Lakes. Could possibly stray into the St.
Lawrence River, although none have ever been documented.

23. Salmo gairdneri - Rainbow trout. Common in Lake Ontario,
• Adirondack Lakes, and tributary streams. Occasionally strays

into the St. Lawrence River. Reports of these strays taken by
anglers are not uncommon. Was documented from the river in 1976.
Probably limited by warm water temperatures in the summer months.

24. Salmo salar - Atlantic salmon. Once abundant throughout Lake

0 Ontario and the St. Lawrence system, but extinct by 1900. Has
been reintroduced into connecting waters, and could conceivably
stray into the St. Lawrence when water temperatures are cool.
Has not been reported in recent years.

A93



Table 63 • (Continued)

25. Salmo trutta - Brown trout. Same as for S. gairdneri.

26. Salvelinus fontinalis - Brook trout. Common throughout the watershed in '

headwater tributaries and ponds. Might stray into the St. Lawrence
River, but would be unable to tolerate the summer water temperatures.

27. Salvelinus namaycush - Lake trout. Common in Lake Ontario and some
Adirondack lakes. Could stray into the St. Lawrence River, but would
be unable to tolerate the summer water temperatures.

28. Salvelinus namaycush x fontinalis - Splake. Have been stocked in Lake
Ontario and the Adirondacks. Could stray into the river but would also
be unable to tolerate summer temperatures.

Osmeridae - smelts

29. Osmerus mordax - Rainbow smelt. A recent invader into Lake Ontario, where

it is abundant, and the St. Lawrence River, where it is common.
Temperatures may be something of a limiting factor in the river. A
local ice fishery for smelt occurs in the Lake St. Lawrence area.

Umbridae- mudminnows

30. Umbra limi - Central mudminnow. Uncommon in the open areas of the St.
Lawrence River. Prefers heavily vegetated areas and are therefore
found most frequently in creek mouths, bays, marshes. Abundant in
tributaries to the St. Lawrence River.

Esocidae - pikes

31. Esox americanus - Redfin or grass pickerel. Common in shallow weedy bays
and tributaries. Rare in open river.

32. Esox lucius - Northern pike. An abundant and very important game fish
throughout the length of the river. According to a 1973 angler survey,
the river is the most important northern pike water in New York,
accounting for approximately 22% of the State's harvest. Marshes and
flooded shorelines are used for spawning, and undoubtedly are a key
factor in the succcss of pike reproduction.

33. Esox masquinongy - Muskellunge. A relatively uncommon but extremely
important game and trophy fish. Generates a great deal of public
interest. The world record muskellunge, 69 lbs. 15 oz., was taken in
the Thousand Islands area in 1957.

34. Esox niger - Chain pickerel. Exists in lakes and ponds within the St.
Lawrence-Lake Ontario watershed. Has not been reported from the
river.
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Table 63. (continued)

Cyprinidae - minnows and carps

35. Campostoma anomalum - Stoneroller. Common in tributaries to Lake
Ontario. Could conceivably stray into the St. Lawrence River,
but has never been recorded.

36. Carassius auratus - Goldfish. Occasionally observed in the river.
Some are gold in color and are probably recent introductions.
Wild populations are known in Lake Ontario, but have not been
observed in the St. Lawrence.

37. Clinostomus elongatus - Redside dace. Present in clear cool water
tributaries. Have not been documented from the St. Lawrence
River.

38. Couesius plumbeus - Lake chub. Fairly common in Lake Ontario, and
lakes and rivers in the Adirondacks. Generally limited to cold
water areas. Has not been documented from the St. Lawrence.

39. Cyprinus carpio - Carp. Very common throughout the river, and may
comprise a significant part of the biomass in some areas.
Receives little attention from sport or commercial anglers.
Probably has increased in the areas below Ogdensburg due to the
formation of Lake St. Lawrence.

40. Exoglossum maxillingua - Cutlips minnow. Considered common by
Greeley in the St. Lawrence below Ogdensburg. A few were
collected around Ogdensburg in 1976, and now should probably be
considered uncommon.

41. Hybognathus hankinsoni - Brassy minnow. Rare. Only a few specimens
taken in 1976 sampling. Greeley did not find this minnow in the
St. Lawrence, but listed it as common in Adirondack streams.
Apparently prefers cooler waters.

42. Hybognathus nuchalis - Silvery minnow. Common in 1976 samplings.
Distribution appears spotty, but several very large collections
were made. Greeley listed this species for eastern Lake Ontario,
but did not find it in the St. Lawrence River.

43. Notenigonus crysoleucas - Golden shiner. Greeley lists this
species as abundant. Very common in 1976 sampling, including
several large collections of young-of-the-year. Undoubtedly an
important forage fish. Used extensively for bait fishing.

44. Notrops analostanus - Satinfin shiner. Has been reported in the
Black and Oswegatchie River systems, but never from the St.
Lawrence River.
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Table 63 . (Continued)

45. Notropis anogenus - Pugnose shiner. Rare. Greeley reporting collecting a
single individual in lower French Creek near Clayton, New York. The
1976 sampling resulted in a single collection of nine fish from
Eel Bay, also near Clayton, New York. Some of these specimens appeared
to be in spawning condition.

46.' Notropis antherinoides - Emerald shiner. Uncommon in Greeley's surveys and
in the 1976 project sampling. Only a few individuals scattered here
and there.

47. Notropis bifrenatus - Bridle shiner. Listed by Greeley as very common in
marsh areas along the St. Lawrence River. This species was rare in
the 1976 sampling, with only two collections, both from the Thousand
Islands. One collection contained 16 specimens, while the second had
only one specimen.

48. Notropis cornutus - Common shiner. Greeley states that the common shiner is
abundant everywhere, and that it is found in the. St. Lawrence. However,
he gives no real indication as to its abundance in the river. This
species was rare in the 1976 sampling, with a few scattered collections
containing one or two individuals.

49. Notropis heterodon - Blackchin shiner. Rare in 1976. Present in four
collections, eight individuals total. Listed by Greeley as moderately "
common above Ogdensburg, but rare below.

50. Notropis heterolepi s - Blacknose shiner. Rare in 1976. Present in four
collections, 12 individuals total, all from the river below Ogdensburg.
Listed by Greeley as uncommon to moderately common, but gives no
specifics for the St. Lawrence River.

51. Notropis hudsonius - Spottail shiner. Abundant. One of the most common
minnows in the 1976 sampling. Found throughout the river, often in
large numbers. Undoubtedly an extremely important forage fish.
Occasionally used as bait. Greeley also listed this minnow as
abundant.

52. Notropis rubellus - Rosyface shiner. Rare in 1976. Represented by a
single specimen taken in Lake St. Lawrence. Listed by Greeley as
rare or uncommon in lower areas of St. Lawrence River tributaries,
but did not sample this species in the river proper.

53. Notropis spilopterus - Spotfin shiner. A common minnow, but generally
found scattered in small groups. One exceptionally large collection
(620 individuals) was taken near Cape Vincent. Listed by Greeley as
moderately common. He also makes the statement that although it is
quite numerous, it does not appear to predominate in the minnow fauna
at any one place.
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Table 63 . (continued)

54. Notropis stramineus- Sand shiner. A common minnow in areas 4 and
5 of the St. Lawrence River. Not taken elsewhere in 1976.
Listed by Greeley as common in eastern Lake Ontario, but rare in
the St. Lawrence with a few scattered collections around
Ogdensburg.

55. Notropis volucellus - Mimic shiner. Rare in 1976. Only one
collection of four fish from the St. Lawrence below the .
Moses-Saunders Power Dam (area 6). Greeley listed this species
as very common, and important as a forage and bait fish.

56. Phoxinus eos - Northern redbelly dace. Listed by Greeley as
abundant-in Adirondack tributaries of the St. Lawrence, but not
in the river proper. Could possibly stray into the river when .
water temperatures are cooler.

57. Phoxinus neogaeus - Finescale dace. Same as for P. eos.

58. Pimephales notatus - Bluntnose minnow. Abundant.. One of the most
common minnows in the 1976 sampling. Found throughout the river, i...
often in large numbers. Undoubtedly an extremely important
forage fish. Greeley also listed this minnow as abundant.

59. Pimephales promelas - Fathead minnow. Common in ponds and tribu-
taries of the St. Lawrence, but rare in the river proper. Seven
specimens from five collections were taken in 1976. Greeley
reported a single individual from the mouth of a tributary.

60. Rhinichthys atratulus - Blacknose dace. Common to abundant in
tributary streams. Prefers swift moving waters, and consequently
has not been reported from the St. Lawrence proper.

61. Rhinichthys cataractae - Longnose dace. Prefers rocky areas, but
often with less gradient than for the blacknose dace. Greeley
lists this species as common in tributaries, with some(?)
collections in the St. Lawrence. Seven individuals were taken
in five collections in 1976. May have declined as a result of
the formation of Lake St. Lawrence. S

62. Semotilus atromaculatus - Creek chub. Prefers small tributary
streams and ponds. Greeley reported a few taken at the mouth of
Sucker Brook near Waddington. One individual was taken in area
3 in 1976.

63. Semotilus corporalis - Fallfish. A common species in the river,
especially In areas of faster current. Probably important as a
forage fish. Greeley also listed this species as common, and
states that it was an important bait fish.
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Table 63 (continued)

64. Semotilus margarita - Pearl dace. Prefers cool headwater streams.
Common in some tributaries, but has not been reported from the
St. Lawrence.

Catostomidae - suckers

65. Carpiodes cyprinus - Quillback. Occasionally found in Lake Ontario,
and may be present in the river. Was not collected by Greeley
or by project sampling.

66. Catostomus catostomus - Longnose sucker. Prefers clear cold waters.
Common in the Adirondacks. Has been reported from Lake Ontario,
but not from the St. Lawrence.

67. Catostomus commersoni - White sucker. An abundant fish species
throughout the St. Lawrence River. Probably constitutes a large
part of the biomass in some areas. Utilized for bait, and
occasionally for food. Also an important forage fish.

68. Erim.zon oblongus - Creek chubsucker. Found in eastern Lake Ontario
and possibly some tributaries of the St. Lawrence. Has not been
reported from the river.

69. Hypentelium nigricans. Northern hogsucker. Common in tributaries
of eastern Lake Ontario. Prefers gravel and rubble bottomed -
streams. Has not been reported from the St. Lawrence River.

70. Moxostoma anisurum - Silver redhorse. A large relatively common
sucker in the 1976 sampling. Taken mainly in gill nets. Listed
as rare by Greeley.

71. Moxostoma carinatum - River redhorse. Reported to have a discon-
tinuous distribution. Found in the lower St. Lawrence River near
Montreal, and in the Great Lakes west of Lake Ontario. Has not
been reported from New York's portion of the St. Lawrence.

72. Moxostoma duquesnii - Black redhorse. Reported from western Lake
Ontario, and the St. Lawrence near Montreal. Has not been
reported from New York's portion of the river.

73. Moxostoma erythrurum - Golden redhorse. Reported from western Lake
Ontario, but not from the St. Lawrence River.

74. Moxostoma hubbsi - Copper redhorse. Found in the St. Lawrence
River near Montreal. Has not been reported from New York's
portion of the river.
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Table63___ (continued)

75. Moxostoma macrolepidotum - Shorthead redhorse. Listed by Greeley
as the most common redhorse sucker in the St. Lawrence. Uncommon
in the 1976 sampling, with only a few taken in gill nets.

76. Moxostoma valenciennesi - Greater redhorse. A common fish in the
1976 sampling, and probably the most common redhorse taken.
Captured in both gill nets and trap nets. Is probably taken by
spearing in the spring. Greeley listed this species as rare.

Ictaluridae - Freshwater catfishes

77. Ictalurus melas - Black bullhead. Has been found in a few tributaries .
of Lake Ont-ario and the St. Lawrence River. Listed as rare. Has
not been reported from the St. Lawrence River proper.

78. Ictalurus natalis - Yellow bullhead. Rare. Two specimens collected
in area 2 in 1976. Scattered specimens have also been seen from
eastern Lake Ontario during the past several years. Easy to
confuse with the brown bullhead, and some specimens may be missed
because of this. Greeley reported taking them only in Black
Lake, Oswegatchie watershed.

79. Ictalurus nebulosus - Brown bullhead. A very abundant and important
sport fish throughout the river. Trap net catches indicate that
this fish is one of the dominant species, at least in shallower
waters. Highly regarded as a food fish and provides a great deal
of angling, especially in the spring. Commercially harvested on
the Canadian shore of the river, and on both sides of Lake
Ontario. The 1973 angler survey estimated that approximately
460,000 were harvested in the St. Lawrence by New York fishermen.
Spawns in shallow water along shore, in bays, and in creek
mouths.

80. Ictalurus punctatus - Channel catfish. Relatively common throughout
the river. Occasionally taken by angling. Greeley listed the
species as rare, but was able to document spawning nearshore in
Eel and Chippewa Bays.

81. Noturus flavus - Stonecat. Common in tributary streams. Greeley
listed this species as moderately common along the rocky shores
of the St. Lawrence and Lake Ontario. Several specimens have ..;W!"
been taken in gill nets set in Lake Ontario in recent years, but
was not taken in the river in 1976.

82. Noturus gyrinus - Tadpole madtom,. Rare. One specimen collected in
area 2 in 1976. Greeley reported taking a single specimen at the
mouth of Tibbits Creek, near Ogdensburg.
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Table 63. (continued)

83. Noturus insignis - Margined madtom. Reported from the south shore "
of Lake Ontario, but not from the St. Lawrence River.

84. Noturus miurus - Brindled madtom. Same as N. insignis.

Percopsidae - trout-perches

85. Percopsis omiscomcyus - Trout-perch. Abundant in deep water in
Lake Ontario and the upper St. Lawrence, where it is vulnerable
to otter trawls. Undoubtedly an important forage fish in those
areas. Present throughout the remainder of the river, but
difficult to assess due to sampling problems. Greeley lists this
species as rare, but also mentioned sampling difficulties.

Gadidae - codfishes

86. Lota lota- Burbot. Rare. Two specimens taken in gill nets just
eo'wthe Moses-Saunders Power Dam. Greeley also considered it
rare.

Cyprinodontidae - killifishes

87. Fundulus diaphanus - Banded killifish. An abundant, widely
distributed species, probably important as a forage fish. Greeley
lists it as common in the upper, but uncommon in the lower river.
Abundance has probably increased in the lower river due to the
formation of Lake St. Lawrence.

Atherinidae - silversides

88. Labidesthes sicculus - Brook silverside. An uncommon but widely
distributed fish in 1976 sampling. Difficult to sample since it
tends to remain near the surface in open water. Greeley listed
this fish as moderately common in the upper river, but rare in
the lower river.

Gasterosteidae - sticklebacks

89. Culaea inconstans - Brook stickleback. Common in tributaries of
Take Ontario and the St. Lawrence. Prefers cool, weedy waters.
Rare in the St. Lawrence with a few fish taken in area 4.
Greeley reported a few specimens in the river from the mouth of
a stream.

A100

•.. ..... .



Table 63. (continued)

90. Gasterosteus aculeatus - Threespine stickleback. Common in Lake
Ontario but rare in the St. Lawrence River. Only one collection
of five individuals was made in 1976 in Lake St. Lawrence.
Greeley reported this species as rare to moderately common.

91. Pungitius pungitius - Ninespine stickleback. Reported to be present
in the deep cool waters of Lake Ontario. Has not been found in
the St. Lawrence River.

Percichthyidae - temperate bases

92. Morone americana - White perch. Abundant in Lake Ontario, relatively
common in the upper St. Lawrence, and very common in the lower
river (areas 5 and 6). A recent invader of the system, it was
not present when Greeley did his surveys. While not highly
esteemed by most fishermen, it does provide some angling
opportunity.

93. Morone chrysops - White bass. Uncommon in Lake Ontario, rare in
.the upper St. Lawrence, but common in the river below the
Moses-Saunders Power Dam. Greeley failed to capture any during
his surveys.

Centrarchidae - sunfishes

94. Ambloplites rupestris - Rock bass. An abundant and important fish
throughout the river. While not highly regarded as a sport fish,
it is easy to catch and does provide a great deal of angling.
Listed by Greeley as abundant.

95. Lepomis cyanellus Green sunfish. Known to occur along southern
Lake Ontario. Has not been reported from the St. Lawrence River.

96. Lepmis gibbosus - Pumpkinseed. An abundant pan fish, especially
in shallow bays. Although it does not reach a large size, it is
easy to catch and consequently provides a great deal of angling.
Listed by Greeley as abundant.

97. Lepomis macrochirus - Bluegill. Relatively common in bays and
shallow areas of some portions of the river. Value as a sport
fish is not high due to small sizes reached in these northern
waters, and spotty distribution. Greeley recorded this species
in lakes in the Oswegatchie watershed, but not from the St.
Lawrence.

98. Lepomis megalotis - Longear sunfish. Reported from the St. Lawrence
(S River in Quebec, and possibly western New York. Has not been

identified in New York's portion of the St. Lawrence.
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Table 63. (continued)

99. Micropterus dolomieui - Smallmouth bass. Abundant. Unquestionably
the most important game fish in the area. Highly esteemed by
anglers; most of whom prefer to fish for this species. The 1973
angler survey estimated that 287,000 were taken by New York
fishermen, second only to Lake Ontario. Shallow water gravel
areas are required for spawning. Young-of-the-year bass make
extensive use of the littoral zone.

100. Micropterus salmoides - Largemouth bass. Common, especially in
shallow weedy bays. Highly regarded as a game fish. The 1973
angler survey estimated that 96,000 were taken by New York
anglers, making the river the number one largemouth water for the
State. Young bass make extensive use of the littoral zone.

101. Pomoxis annularis - White crappie. Reported from western New York
and Lake Ontario. Has not been reported from the St. Lawrence
River.

102. Pomoxis nigromaculatus - Black crappie. Common throughout the
river. Makes extensive use of bays and stream mouths during the
spring, probably for spawning. Is well regarded as a pan fish,
and provides a great deal of angling opportunity, mostly in the
spring. Apparently has increased in the river below Ogdensburg
as a result of the formation of Lake St. Lawrence.

Percidae - perches

103. Ammocrypta pellucida - Eastern sand darter. Found in the St.
Lawrence River near Montreal, and to the southwest in Lake Erie.
Has not been reported in the New York portion of the St. Lawrence.

104. Etheostoma blennioides - Greenside darter. Reported from southern
Lake Ontario. Has not been reported from the St. Lawrence River.

105. Etheostoma caeruleum - Rainbow darter. Reported from western Lake
Ontario. Has not been reported from the St. Lawrence River.

106. Etheostoma exile - Iowa darter. Rare in 1976 sampling. A few were
sampled in area 5, near Waddington, in exploratory seining on
May 20. The fish were in spawning condition. Apparently moved
into deeper water after spawning, and was not captured in later
sampling. Greeley listed this species as uncommon, and reported
capturing it only during the spawning period.

107. Etheostoma flabellare - Fantail darter. Common in tributary
streams and in deep waters of Lake Ontario. Greeley listed this I
species as rare in the river, finding only a few among the rocks
near shore. Has not been taken in the 1976 sampling.
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Table 63. (continued)

108. Etheostoma microperca - Least darter. Same as E. caeruleum.

109. Etheostoma olmstedi - Tessellated darter. The taxonomy of this
species is quite confused. Has been previously listed as E.
nigrum- Johnny darter. Abundant throughout the river.
Undoubtedly is an important forage fish.

110. Perca flavescens - Yellow perch. Abundant throughout the river. ,
An extremely important pan fish, providing a great deal of
angling opportunity. Highly esteemed as a food fish. The 1973
angler survey estimated that nearly 1,560,000 were taken by New
York anglers from the river, making the St. Lawrence the third
most productive perch water in the State. IL

111. Percina caprodes - Logperch. Relatively common in the river below
Ogdensburg. However, was not sampled above Ogdensburg in 1976.
Common in tributary streams. Greeley listed the species as
common to abundant in the river, and stated that it was an
important forage fish.

112. Percina copelandi - Channel darter. Listed by Greeley as rare,
although widely distributed along the river. Was not collected
in 1976.

113. Percina maculata - Blackside darter. Reported from western Lake
Ontario. Has not been recorded in the St. Lawrence.

114. Stizostedion canadense - Sauger. Considered rare throughout Lake
Ontario and the St. Lawrence River. None were identified from
either Greeley's or the 1976 sampling.

115. Stizostedion vitreum - Walleye. A very desirable game and food
fish. Common in the river below the Moses-Saunders Power Dam,
but uncommon in the river above the dam. The walleye population
between Ogdensburg and Massena decreased following the formation
of Lake St. Lawrence. Walleyes in the area typically are large,
old, with low rates of mortality and recruitment. Spawning runs
still occur in Brandy Brook and the Oswegatchie River. The only _
important walleye fishery still remaining in the river is found
below the power dam.

Sciaenidae- drums

116. Aplodinotus grunniens - Freshwater drum. Rare. Only two specimens
were collected in 1976. Greeley included the drum in his lists,
but states that none were actually taken by his sampling.
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Table 63 • (Continued)

117. Cottus bairdi - Mottled sculpin. Uncommon in the 1976 sampling. However,
this may in part be due to its habit of hiding under rocks and thus
avoiding capture. Greeley listed the species as rare.

118. Cottus cognatus - Slimy sculpin. Requires cold waters. Abundant in deep
waters of Lake Ontario, and in some Adirondack streams. Has not been
recorded from the St. Lawrence River.

119. Cottus ricei - Spoonhead sculpin. Prefers cool waters. Reported to be
present in Lake Ontario and at least some northern areas of the
St. Lawrence. Was not captured either by Greeley's or the 1976
sampling.

120. Ryoxocephalus quadricornis - Fourhorn sculpin. Found in deep cold water
lakes. Formerly abundant in Lake Ontario, but now rare or possibly
extinct. Has not been reported from the St. Lawrence River.

*USFWS 1976d.

a.':

-

A104

% %........ ... ... ~ __________________________._____._



. . , . ....

C

.....- 0) ,4 ) 0) ) > 0o

Cm CL 4c .
.9-~ 0 3 S- C) .-C r .L 0-

c 0 3 0 4J
4J 4) CA t)o r_ CA 4t -U w c

V-- W - 4-' 0"-

$- ev ,- W, 4 03 0 3 -.
CA 0) 03 4- to C O 0 t

.. C----4 4 -' . 0 4 t-o3 4 J
04. 4) 0 V" 4- c.1

o S a ) 4m tM i00)
4A m (D C 4m) $- (*.- u.0m

U CL 3. r o 3E E C r_
"- ,.,) '4- 0) 3 M 0

"0 40 0 - d (a 0 > U It_
0304 > toO CV)0. >.0U

C 4- *- 'j, .1 S- "a r_.m.I C
cm c 0)0 il (D03 0)3 ( 0a

) C 0) 0). . 0.L (A >)1- ,N 4' "-V
u% 0 W0 QC 0 (a ( 0._ 4. I 4mJ0 3,
r0 . 0.L 0) $- c r U 0 (A r- 0 0

ai o .0) .0 ... 4 * - -. 0 - u 4-
L- 06 - to (C "= U 4'0 0) .

3 -#- (A = di .= ev 0) -x 4-" .') 0) 0)to - .94 t- .- 0 .cn _x0 U)-1 t 03 0) tm s- 4J

• -, o u m-.: toa&"o.L r CCAS -a t

U) (Ac 4-)lS0 -C -0 -.JLA 4- .0 .4m) 3C C C ~ O 0 iC CUL *- 0I

4-

0 0.
C0)

4J9
0) t-o

... JI0,0.-... L.

4JCl- a)J C) CJ( 0-4

Iwo -00 0 0 -YO

C_ I- La a-O Q% an LO c D
0U) 0 1

C C) L0.t0 0A LA 0 C+A )

4-1 U
.--

AI05.e...

C--,
0a)

>

0o .) C-r_ 4

Ca 4-1 0~

4101

A00



4 ) : 0

a).-

S" 4) -,,- (A
-" O4- Q-- 4J S- 00 (a .-

.,-.>, o, 4- ( ,-1o - . r_ 4-J

• -. J0. 0..: >0 C u' - 0 5-
-C 0J toJ M C0

0 4-) 4-0> (M L) L) 4) C C IM 4A
to b (0 :3 S- to (a 4. - to

4J L . ) - o- 3 S- a) S- .- ..
tu .) 4-- S () cm (a 41 (A-.- o c
> a -c =.o Cc a).c - L 3C =
&. -o a 4-) c .- a) 4- E 4-A

a)4)MU to 40 4-- u u .0. =
L 4) C - (, c C4A""

a - =t u0.- 0 0 (ar
0,.,-Cc u, _ > 04- u *- 4J S-u0a)
u- 100 4-J o u go005c

05L) C CUac 0 4) %-C r_
>) C to 0) a) m5 a)-u tA 0
c -- r3 0 4- U to he 0-

C O ~ G)4-) 4- 0 0. >1 (A) 0)
0 4O- 0 o L- S- 0 4 4-) 0 a) .

A (A> im 0, s- L (L,) 4J 0 Q0 s-0)c

4-) -% S- > °c a-- u W"ct

4. c$. Q5 C r- a C) U- 0) OC
S U S C - C - a)0 0 -- - C.- -

4--, u ' 50)J ) Ca 0 A -,( - 4-) tM-!5"
o 0)' 0 00) 0 0 E 0 r"
0 (A tou 4- ,X- 4--) U 0 u u 4 A- ( .0 . toa-

0)n

.* ,- *- . - - - -.* , - CJ " I. "

0n CD a 00 0
-he -'(J C-0 0

"-o-0 0 0

to 4D to"zxk.t

o> - r- >..-* a- 1
CI S- aI 4- 0 4-
o IA- - - - - A - 4-)-

>05o 0)%.D to0 tD P- C\J r C01 C
.24-) 4) Oi -0 C%j -.C%j S-u-4 W~4 c'J

tu c-4

u (Ofo c >0 0 GO 0
0 L* o * %* 4,) .

a)

4-

0>

a) 5

0.

m 4J

A00



to" .j

"- ,_ 0 E4-

-- r_ L
4 -) U 0S - CA

o 3: to 4J

EU E ,- 0) 03 0 :

-3 4..' 4U -.
(CE 4-3 M 0 S > S - t w-- '

4) 4-) 4- M S- UGJ 0,

.- >, =- =) 4-

mU I .0 r C a E n C . mW EU 4-

3.EU : 03 EU "." 3

34-3= S 4 
-  > 4 -. 4- '

03 4)4O .. .. mu

to to 10 w- .- o - 0)'-
-,0 . . . to 3) 4-). -0 0 , -"EUto to WE 4-EU Lr-.C 4

4.. ,'0 EU >4-i - - .).COC1 - E-U, E-. UV 035.I.-" - ..- 0 0 3+ EU"

0,0 E 3C L . , 4-M 4J 0 -_ 4 -)0 (A uEU EU En. to-~ r- 4-VC0

+J 4 ,.- o.- ES -SU U o . u- 0-

(A to o m) .1 .4J44c
E - 4 CL 0 t to~ to0 1.v (A 0 - 3

0 00 0 o -EU 0 4) En ) to u mo , S 0 E .-- .En~ U 0to w LiE -u J 0 0- 4' -C Of -

r- CE - .3 En UU E L E- En 4-

En UE.(),.) -- O E - U) .0.0 > i/ n 3",I"

3 0 0

o) 1" , - -04-
0 0 00

N- j N- N- 4JN 0N

00 00.-

03B0 ** qE~m Li -r :x

0o S-, - - C:E-
o-) r_ .:'. -

> t

EU L 0- 4-

U"i 0 0 C::-

EU L.

IA

%03

41)

A107

:iT



AD-A147 119 THE SAINT LAWRENCE RIVER--PAST AND PRESENT A REVIEW OF 6/17
HISTORICAL NATURAL.. (U) FISH AND WILDLIFE SERVICE
CORTLAND NV P P HAMILTON APR 84

UNCLASSIFIED F/ 5/4 NL

moohhhhhohEEmhE
smmhEohmhhmhh



JW.2.

L3.6

1.2 11. 1 1.6

-A9



04-

>1

4) 4-1

I+- 4L

._ 0 50 4A W

0U - ' ).," . ."

"4J-

W

o 1 faU- s-1~ 4

>EU

W

*~ 0,

0

w~ U.W

a_

W QS . ..

-0 co wo

0 @3 0 0U40
03~4 4fJ~U

@0

@0

do I
in 0

ap

0~ do 4

4A #A

AIO
.0 4J (71 C

* . * * . . .. . . . .



. . .. . .. 0. . 0,. _ . ,@-3.. o.. , . . _ : _. ..: :.

S- cn a3S.

4J3 Ci- 4- 4-3 0

4 mo go tv Mr_ 4
41 4 -r- * S- c to ES

r_ olC 4- c to 0 do >
..C 0 0 0 . - 4-) CL 0

#A-e 4-J 3 - ig4J @ 33 tl $A cM CL
S 4..- ' 0 " t Eu r_ 0

, 1 @. U) "D r_ M. 04 U " O U-
to S- c ' ,- 00 j

3 - c c. cm t A S- s4--4- 4- M 0
o") 4- 4J -(a ) 0 0 #wlen rO -' Eu f4- r 5 Eu .0 @-,. 4-> ),. - CU) 4A 0 S- '-C o -- ' + -> 4- -. 4.

• - >, - 0 0 U o to 0 C1) ) do
to 4 1) S- C0- 0 

- to 3C 06 ..) (A -
en -. o ' -@ 3 4A 0  -4-1 . 0 ic cm

04- C o @ ) UA *4--C r- C OQ C-4U4) . .,-4g

C. c o) o , to .C W-)

to S- c..A W Lo 0 )s

@@r_ Co -00 @v S- s-g 0 #a W3 4J C S- 4-) r-E0
S-.. 0- 3 L) S- @30-c-c .- )@4-3 C. L. 0 0 ~ 3

00 m 4-') 0. S- ~ to 0, -CO 0m
tu 4-) '4- =1 to 1- 4-@ 0Vcc0 r-E CL 4- 4A '4-Cr

I- W3 4-J Wu to CA 4-' t. '1 o .t- 3. 3 E- 4' E *@ 43001 )3 4'u -0

S. ~ ~~~~~ 4- .01 0 ..- W4) V

4- 0 0i- 4-) 01- r- 4- C 0--S.. 0o5 04 4'
V). en .0d V) 4-- U 0 #V 4J 0 (A 4- cc 0 E t . t 3 4

0)4 .-..

..-.-0 0

0.) -% >2 %%
U0.

@3 0. c

cl d)0(" CO c C .a -CD + "r. a) ". .RGI "'
t-o . ,> ,m en ,.n-

C ) . - c 0 0 0 0 4-0 coo

- 1 r- --- P: ._.
U -I C 0 0 0 ,-0 0 0' r-0 mu q m o w w.D '0 C m m.0

03i C) 4- a. e4 a. en 601 C0, (D ( o ^C

I- 0 go o 4- C .
u 4- 0 v 0 .0 0 0 0 00 c

03to 0) @30 0 0 -z qc q0 0 - q.-J0 - -Id0e- O ..J L.) 0- L.) - 0,- 0" 0- ,,- .... j n0:-..','

4-o U

- 0"

0
-0 U

C0 a

oo

CA c r- . to

en • -...'.E
00 4.'' -- "

,- - en ,-- . 10..3-.

oO)r C > S- 0 3

"..'. I'- '-4•
4)~ 4J 0% 4, c

-0-4-
4-' 0
en 4-)

C1-;

LI)D 0.i-

@43

A 109

L7S



* €"JLI,-2%

4- 0 4A

(A - 4

I U-U I'

o o "Aoto oo fa ' '- ->">"1 22"'

M 4- 0 0 4 S- o 0 0
to - c- 01 41 .04- 4- -,

4) 1- C.0 tu'- >) 0
s- I41 .EU 0 (DE to 'A 4.-U)
go >U um 0 44- fa 0. =C4 U) (A

Q -. 4J ru S- 4 0 4-lS- faE 4-)EM

4j 0 01 4

3 3 4-- 0 3c.- 0 0"

go~~~~~ M= = o CL 0. -

4J *r-) 4~- 4J 5-0 cEU 41C E
IA 4-A ., 4A 1 Cj C*.- CM I-- U C ONO w t

#A~0 I-) L. m 4) 4 DtoS otoEU

U E

E (1) .C)Q do *CtO. o4n4

L. 4-
1

) A-IO m--U-

4-b) 4-) IU41 U o)rM 4A t r -)
40 o IM 0 u ) aIO IU to 9

4J4-c Cg- - > c- C- 44-=0
S- 0) c r-. 0 & C 1

o) 0- -h X~ (A1 -) 0.- m-~ go)v 0 A

MJ 0 J 0 V 0 M1~ 00 to- (1) 4>Q.414)1 t
u CC 4-- X4.) 4 4-) S- 4 go-'4060M0.

4A 40 0A 0- (A 4- 0) V) V) M 44-"-4J (A

* 44)

4141 ;- 4 )
CCj Cl jCsJ4

0- 0 C) 0Mu- - -
4-)%0 41t o >% ot a Lt $*-00 -- c

U) L41 I- ~ orr WMO C4 -

C 03 0-- P44 q- %>'- 0

4 1 C) Cl Cl a I D 0C )> -' -=C

AlOP.



10

0.0 6

mr--

4J4J 0)

w00

u4J~ 4J

in

tvi a

co

0-I .- ' . ,,.,

EU 1J -i

4-) U,

s. v Zc':

c II
P 4-00.•

U .. o*.

Cf 44J C C

4oow

g M-" 2

o S.0

=.0
0=

Zcm

• j r-
.0 BU-

.. , .. .. . ., , . . . . . . . i-'!C'
-.'..-. ..":'. -'::_... :.'..''': : .:."/.-''.-.".._.:. .: ,,? '_;." "-"-., [ .;. '.2' :']- ;- ::i - .:-.*- U' : ::::::::::::: ::



APPENDIX B.

HISTORIC DREDGING MAPS



Figure 41 . Historic dredging maps showing sites of excavation and spoil disposal
during Seaway construction. (From U.S. Army Corps of Engineers-
Buffalo District).

These maps were reduced from larger maps to fit into the report. The following
list gives general locations for each map. Legends can be found on maps 7, 11,
17, 24 and 29.

Map Number General Location

1 Johnstown, Ontario
2 Chimney Point
3 Galop Island (West)
4 Galop Island (East)
5 Sparrowhawk Point
6 Toussaint Island
7 Rockway Point
8 Rockway Point
9 Leishman's Point
10 Ogden Island
11 Clark Island
12 Morrisburg, Ontario
13 Doran Island
14 Chrysler Island
15 Bradford Point

1 0 16 Steens Island
17 Cat Island
18 Crol Island
19 Delany Island
20 Hopson's Bay
21 Long Sault Dam
22 Robinson Bay
23 Snell Lock
24 Massena Point
25 Hawkins Point
26 Polly's Gut
27 Cornwall Island
28 Pilon Island
29 St. Regis Island
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Figure 41 (Continued)
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Figure 41 (Continued)
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Figure 41 .(Continued)
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Figure 41. (Continu ed)
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Figure 41. (Continued)
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Fig~r 41.(Continued)
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APPENDIX C.

LIFE HISTORY INFORMATION
FOR IMPORTANT FISH SPECIES



Appendix c • Life history information for important fish species found in the
* ,.St. Lawrence River.*

A. Warnwater Species

1) Sea Lamprey (Petromzon marinus Linnaeus)

Sea lamprey spawn in the spring in gravelly areas of tributary streams. Adults
congregate in the estuaries of rivers during late winter, starting to move upstream
during the dark hours once stream temperature exceeds 4.40C (440F). Migrating

adults can manage rapids easily by alternatively swimming and attaching to stones
with their sucking disc mouth. They can surmount nearly vertical barriers of 152
to 183 cm (5 to 6 ft.) if the current is not excessive by creeping up the face with
the sucking disc for support.

Nest building is usually begun in late May or early June by the males. Small
stones are carried or dragged out of the nest site by means of the sucking disk
and lighter material cleared by the thrashing action of the body. The nest is
usually 254 to 1003 mm (lO-39 inches) in diameter and as much as 25 pounds of
gravel is moved into a downstream, crescent lip often as high as 254 mm (10 inches).

IL The nests are sufficiently resistant to erosion in most New York State streams that

they essentially remain identifiable for much if not all of the snawning season.
Nest counts in tributaries to Lake Ontario have been used by DEC as an index of
relative adult lamprey population size in Lake Ontario.

Spawning activity is closely related to stream temperatures and is at itsC jpeak at 14.40 to 15.6uC (580-600 F). The sticky eggs are fertilized by the male

in repeated spawning acts over 16 to 48 hours. The eggs adhere to sand and are
carried by the current to spaces between the stones in the lip downstream of the
nest.

After completion of spawning, females drop downstream from the nest almost
immediately and die very quickly. In one to three days, the males also die.

Hatchery rearings of eggs showed that Cayuga Lake eggs hatched in 13-14 days
at 13.90 to 18.30 C (570-650 F). The young lamprey are called ammocoetes, and
burrow out of the nest in 18 to 21 days. They drift downstream to eddies or pools
with areas of sandy silt and mud. They burrow tail first about 13 mm deep, often
in densities of 6 to 17 per square foot. They remain in U-shaped burrows, except
for surfacing to feed on plankton, throughout their ammocoete life. This period
may be for as long as seven years.

In the year of the ammocoetes' transformation to an adult form, they are about
112 to 167 mm (4.4-6.6 inches) in length. At this stage, they develop the
sucking disc, and rasping tongue with sharp teeth. Prior to this stage, the
chemical TFM, sometimes in conjunction with Bayer 73, is used for killing theammocoetes in their burrows, before they emerge as adult forms.

*Edited from SLEOC 1978.
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The adult form seeks a host for the parasitic stage of its life. As adults,
the landlocked sea lamprey may reach a length of 762 mm (30 inches). The adults
migrate to deep water where they live as external parasites of fishes. As soon
after transformation as a host is available, they attach themselves to it by means
of the suctoral disc, usually low on the body between the paired fins of a fish.
The teeth of the tongue rasp a hole in the skin of the host and its body fluids-

I and blood are consumed. A secretion by the lamprey slows and prevents coagulation
of the host's blood and breaks down muscle tissue to a state ingestible by the
lamprey. Usually the lamprey penetrates only part way through the body wall, but
at times they penetrate all the way through and consume the gut content of the
host. Length of time attached to the host varies with lamprey size. Newly
transformed lamprey spend more than nine days on a host and larger lamprey of

328 mm (12.9 inches) spend only about 40 hours on a host.

Among the species the sea lamprey attacks in fresh water are lake trout,
whitefish, chubs, white suckers, yellow perch, rainbow trout, burbot, channel
catfish, northern pike, carp, walleye and Pacific salmon. They prefer the larger
fish species and have been a major contributor to the decline in lake trout

W populations in the Great Lakes. The International Great Lakes Fishery Commission
was formed in 1955 to deal with the lamprey and presently coordinates the Great Lakes
sea lamprey control program.

2) Lake Sturgeon (Acipenser fulvescens)

The lake sturgeon is the largest fish found in the SLEO area growing to over
7 feet in length and 100 pounds or more. It is found rarely above the Moses-
Saunders Power Dam and is fairly common below the dam.

Spawning takes place from early May to late June when water temperatures fall-
within the range of 130C to 180C (55.40F-64.40F). They spawn in depths of 2-15 fee---

5 and in areas of swift water or rapids. In the St. Lawrence River, these areas are
usually at the base of dams in the river or tributaries. Even if suitable spawning
habitat is available, sturgeon are very sensitive to man-made disturbances on the
spawning grounds and may not spawn. In an unpublished study of lake sturgeon in
the St. Lawrence River, it was concluded that a significant amount of successfula reproduction must take place below the Moses-Saunders Dam due to the high catch of
young sturgeon (below age ten) found by the authors. It is known that sturgeon
can spawn successfully in wave-washed rocky shoals and these areas may provide
spawning grounds for sturgeon in Lake Ontario and the St. Lawrence River.

At temperatures of 15.6 0C to 17.80C (600-640F), most all eggs hatch by eight
days. By September of the first year, thiey reach 123 mm (4.8 inches) in length.
In the first five years sturgeon increase rapidly in length and from age five to
fifteen, weight increases faster than lengtoi. Compared to other species, the
sturgeon reaches sexual maturity at a late age.

Reported spawning ages vary greatly, but it appears that first spawninq takes
place at 12-19 years for males and 14-23 years for females. The time between
spawning varies, but is reported to be from one to three years for males and every
four to six years for females. Such infrequent spawning and late sexual maturity
render the sturgeon even more vulnerable to environmental degradation since their
potential for population increase is limited.

As such, the re-establishment of substantial sturgeon populations is complicat,'
by many factors and will take many years of carefully controlled regulations and
habitat improvement.
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The sturgeon is not a popular sport fish and it is illegal in New York State
to possess lake sturgeon. Indians at the St. Regis Mohawk Indian Reservation,
however, are still permitted to harvest them as they have for years.

3) American Eel (Anguilla rostrata Lesueur)

The American eel is placed in the warmwater fish section because it spends much
of its adult life in the shallow areas of Lake Ontario. Little information is known
about its life history. It is native to the St. Lawrence River and Lake Ontario,
but it is considered to have invaded the upper Great Lakes via the Welland Canal.
It is relatively rare in all the Great Lakes except Lake Ontario.

The American eel is a catadromous fish. That is, it lives most of its life
in fresh water but returns to the sea to spawn. Spawning migrations take place
during the fall. Once at sea, the adults move to the southwest part of the North
Atlantic Ocean near the Sargasso Sea where spawning occurs. They presumably die
after spawning.

jWThe number of eggs reported per female has ranged from five to twenty million. .There is a lack of information concerning the adult's movements and behavior in the

sea. Also, investigations have yet to find eggs, concentrations of small larvae or
spawning adult eels at sea. It is known that the eggs hatch into a true larval
stage, with no resemblance to the adult, in the form of a transparent ribbonlike
creature called a leptocephalus. The larvae eventually move in the direction of
the North American continent, arriving in the coastal waters in one year. There
they metamorphose during the winter into the adult form, becoming small transparent
eels about 60 mm (2 inches) long. By the time they reach the streams and rivers
of the coast, they have become completely pigmented, are from 60 to 90 mm (2 to
3 inches) long and are called elvers. These elvers sometimes occur in great
numbers.

The life span of the American eel is not known definitively. Nine-year-olds
were recognized in a study of New Brunswick lakes. In Canada, large females may
be 762 to 1,016 mm (30 to 40 inches) long and weigh 2 to 3 pounds. Males
seldom exceed 610 mm (24 inches) in length.

Eels in fresh water move freely into muddy, silty bottoms of lakes, where they
lie buried in the daylight hours in summer. They apparently spend winter buried in
mud and are sought by spear fishermen who probe the bottom with specially constructed
spears. They tend to avoid cool, spring-fed waters, which are most important to
young salmon and brook trout.

There is some evidence that eels have home territories in eastern Lake Ontario,
but very little is known about their local movements in fresh water. Eels are
voracious carnivores, feeding mainly at night, consuming a wide variety of fish and
invertebrates. The food is reported to include blacknose dace, larval insects,
crayfish, snails and earthworms, although detailed food studies have not been
published.

Eels probably have few predators because of their nocturnal habits. However,
there is little doubt that young eels contribute to the diet of larger fish. They
are probably vulnerable when they move in large numbers upstream from the sea.
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The American eel supports a successful commercial fishery in Canada, especially
along the St. Lawrence River. An eel ladder was constructed by Ontario Hydro in an
effort to increase the number of eels reaching Lake Ontario. More ladders may be
needed if the eel fishery is to be expanded.

In the U.S., eels may be caught commercially in Lake Ontario but are currently
banned from sale within the U.S. due to high concentrations of mirex and PCB's.

4) Northern Pike (Esox lucius Linnaeus)

The northern pike is a native species in this area, completely self-sustaining.
This fish is another spring spawner. Spawning takes place immegiately atter the
ice melts in April to early May when water temperatures are 4.4 to 11.1 C (40 to
520F). Spawning activities are initiated by a movement into shallow waters, and
particularly into marshes if these are accessible. There is some indication that
a spawning migration occurs, perhaps as a search for marshy areas.

Spawning generally takes place during daylight hours in wetland areas, mainly
vegetated flood plains of rivers, marshes, and bays of large lakes. In this area,
northern pike are known to spawn around Deer Creek, Wilson Bay, Mud Bay, Flynn and
Delany Bays, Chippewa and Crooked Creek, in Coles Creek, Brandy Brook and Sucker
Brook, the Grasse River and others. The sexes pair at this time, with a larger
female usually attended by one or two smaller males. They swim over and through
vegetation in waters often no deeper than 7 inches and usually less than 10 inches.
The pike is a broadcast spawner: the eggs and milt are extruded simultaneously
and from five to sixty eggs are scattered at random for each spawning act.
The eggs are demersal, very adhesive, and remain attached to the vegetation of
the spawning area. The fish move quickly from the spawning areas after mating
is over. Egg number increases with the size of the female, but averages
32,000 eggs for mature females. A large number of eggs are deposited, with
egg fertility rates in nature usually over 50 percent.

However, the number of young resulting from them is very low. One habitat inMichigan had an estimated mortality rate of 99.8 percent. Both the eggs and young "

are preyed upon by a wide variety of fish, including other northern pike, minnows
and perches. The large larvae of various aquatic insects, waterfowl and other
diving birds also contribute to mortality rates. Because the pike spawn in such
shallow areas, water level fluctuations are particularly critical for spawning
success. Eggs and young stranded by fallen water levels are destroyed. High
alkalinity is reported to reduce or prevent spawning and influences the growth of
the young.

The eggs usually hatch in 12 to 14 days at prevailing water temperatures,
-" usually of 90 to 110C (48.20 to 51.8 0 F). The fry are 6 to 8 mm (0.24 to 0.32 inches)
..• -in length. They remain inactive for six to ten days feeding on the yolk sac,

often attached to vegetation by means of adhesive glands on the head.

Growth is very rapid with the pike capable of growing at the rate of one tenth
of an inch per day. Within a month, they may measure 1 3/4 inches, and by the end
of their first summer, 6 inches.

The young remain in the shallow spawning area for several weeks after hatching.
The young pike are predominantly found in the top 15 feet of water. They begin
feeding on microcrustaceans and larger zooplankton and some immature aquatic

insects for seven to ten days, after which small fish enter the diet. By 34.5 mm-.
(2 inches) in length, the pike are almost entirely predatory on other fish. Growth
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in length continues rapidly for the first three years, but slows after sexual
maturity is reached. Thereafter, weight gain increases. By the third year, they
average 483 to 600 mm (19 inches to 26 inches) in length, weighing 1 - to 3 - pounds.

Growth varies from place to place depending on the length of growing season
and food availability. There is a decrease in growth rates northward, with a
corresponding increase in longevity. Females over the whole range live longer and
attain a greater maximum size than males. There is a corresponding northward
difference in age of sexual maturity. In the Lake Ontario area, females mature at
three to four years and males at two to three years to age.

Adult pike usually inhabit clear, warm, slow, meandering, heavily-vegetated
rivers, or warm, weedy bays of lakes. They are generally found in shallower water
in the spring and fall but move to deeper, cooler water at the height of summer
temperatures. This species is fairly sedentary, establishing a vague territory
where food and cover are adequate.

Adults are usually taken in the top 15 feet of water, but have been recorded
in depths greater than 100 feet. Average individuals are usually 457 to 762 mm
(18 to 30 inches) in length. They- are active and feed to a lesser degree in the
winter and are an important ice fishing quarry. Feeding occurs during the daylight ;

hours. Adult pike will eat any living vertebrate available to them within the size
range they can engulf. The optimum food size has been calculated at between
one-third and one-half the size of the pike.

Pike are opportunists, feeding on whatever is readily available. Fish make
up over 90 percent of the adult pike's diet, while at times feeding heavily on
frogs and crayfish. Mice, muskrat and ducklings have also been found in pike
stomachs. It has been estimated that it takes five to six pounds of food for each
pound increase in body weight of a northern pike. Considering the potential

rO maximum weight of this fish (the Korth American record is 46 pounds, 2 ounces),
the northern pike can have _quite an effect on other vertebrates in its habitat.

Northern pike pryon other predaceous and sometimes economically more
important species such as bass, walleye and muskellunge, and also compete with
them for food.' Adult pike, however, are large and secretive enough so that
lampreys and man are probably their only significant enemies. During spawning,
when the adults are in very shallow water, the smaller ones may be captured by
bears, dogs, eagles and ospreys.

Pike host a number of parasites. The trematode (Uvulifer ombloplitis) is the
one that most anglers see. It appears as an external cEyst called "blackspot" and
can be present in high numbers on individual fish. This parasite is harmless to
man and is readily killed by adequate cooking or can be removed by skinning the
i:fish.

The fish also suffers from a "red sore" disease caused by a bacterium, as well
as tumors. Both give the fish an unsightly appearance and usually result in
discarded catches. Neither is known to ' e transferred by contact to man.

The northern pike is one of the most sought-after warmwater sport fish in the
SLED area. Pike are found in good to excellent numbers at the mouth of the Salmon
River, near the mouth of and in North Sandy Pond and Sandy Pond, along the shore
of Lake Ontario and bays at Henderson and Sackets Harbor, along the lake shore in
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P Brownville, in and around the Black River, in French Creek Bay and the lower reaches
of French Creek and Carrier Creek in Clayton, in Eel Bay and South Bay at Fisher's
Landing, in Alexandria Bay, Chippewa Bay and in Coles Creek.

Northern pike support a substantial winter sport fishery, especially on the
upper St. Lawrence. Several ice fishing derbies attracting large numbers of people*....a are held during the winter season. Most of these fishermen come a considerable
distance (some more than 40 miles one way). These derbies aid the economy of the
commnunity. Particular areas where ice fishing for pike occur are in Sandy Pond,
Sackets Harbor, Cape Vincent, Eel Bay, South Bay, Goose Bay, Chippewa Bay, in the
bay in Ogdensburg and in Coles Creek.

I The role of the northern pike in its relation to other warnivater species is
conisidered important. They are looked on as a good natural control over the
numbers of smaller species (sunfish and perch), helping to prevent overpopulation
and stunting. In a Master's thesis involving northern pike activity in fourteen
wetland areas along the Lake Ontario and St. Lawrence River shoreline in
Jefferson County, it was suggested that the density ratio of pike, established as
the number of adults or fry per acre of wetland, could be used as a management tool
in evaluating northern pike usage and the overall contribution of a particular
wetland.

* 5) Muskellunge (Esox masguinongy Mitchill)

p.. The muskellunge is native to this area and has a self-sustaining population.
Next to the now very rare lake sturgeon, it is the largest freshwater fish in
New York State waters.

The muskellunge (or "muskie") spawns in spring shortly after the ice has melted,
generally in late April to early May when water temperatures range from 4.40-150C-
(490 to 590F), but optimum temperature is 12.80C (550F). The muskie is a wetlands
spawner, choosing heavily vegetated, flooded areas in water 381 mmi - 508 nmm (15 -to 20 inches) deep: They are broadcast spawners, with the spawning act carried
out many times at irregular intervals over several days (usually not longer than aweek). The eggs are semi-demersal and non-adhesive, dropping into the vegetation.
The usual number of eggs per female is about 120,000.

The eggs hatch in eight to fou-rteen days at water temperatures of 11.7 0-17.2 0C
(530 to 63uF). Often only 34 percent of the eggs spawned naturally are fertile,
whereas fertility of hatchery-raised eggs is often as high as 95 percent. Newlyhatched young are 9.5-10.3 num (0.38-0.40 inches) long. They may remain dormant *in the vegetation until the yolk sac is absorbed (about ten days), at which time theybecome active and begin feeding.

The first food is larger zooplankton, usually cladocerans, for the first one tothree weeks. Then the fish begin consuming some plankton and small fish. By thetime they are about 1 inches long, the diet is usually fish exclusively.

The young remain in the shallows of bays and marshes till around July, when theybegin moving out. Growth is rapid in the first season. By ten weeks of age, muskieare about 152 mm (6 inches) long and by November of their first year, they maymeasure 254 - 305 mm (10 to 12 inches).

Growth is also rapid during the first few years. Greatest growth occurs in earl.-Sumer and fall when available forage is at a maximum and when water temperaturesare more favorable, about 200C (680F). The rate of increase in length slows as
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sexual maturity is achieved, but rate of increase in weight continues virtually
into old age. There is a definite sexual dimorphism in growth. Females grow faster
than males, are larger at any age and live longer. Sexual maturity is reached
between three to five years, with males maturing at a smaller size. Average size
fish are from 604.6 mm - 1219.2 mm (24 to 48 inches) long and weigh from 5 to
36 pounds.

The young, nearly immobile muskies fall prey to many fish species including
northern pike, yellow perch, smallmouth and largemouth bass, rock bass and sunfish.
Newly hatched young are probably eaten by diving beetles and large larvae of some
of the aquatic insects. Where earlier-hatching northern pike and muskie use the
same spawning grounds, predation of muskie hatchlings by pike fingerlings is
considered as a major threat to muskie survival.

Juvenile and adult muskie inhabit areas similar to the northern pike: warm,
heavily vegetated lakes; stumpy, weedy bays; and slow, heavily vegetated rivers.
They are regularly found among dense growths of pondweed (Potamogeton spp.) and
are rarely found far from the protection of growths of emergent and submergent
plants or areas of drowned timber and stumps.

Water temperatures up to 25.60C (780 F) appear to be optimal, but muskie can
tolerate temperatures as high as 32.20C (900 F). They can apparently tolerate the
low summer oxygen levels of their sluggish, shallow habitats. Very large muskies
are often found in or over deeper, less vegetated water and to a depth of 50
feet. They are solitary, sedentary fish, except at spawning time, staying concealed
in vegetation or near stumps. They move little, other than to dart swiftly after
single prey fish, which they often carry back to the protective area before
swallowing.

There is apparently a direct relation between the size of a muskie and the size
V*7 of the food fish selected. Growth and survival of larger muskies is often impaired

if food of sufficiently large size is not avilable, despite the presence of vast
numbers of smaller fish.

A wide variety of warmwater fish such as perch, sucker, larger minnow species,
alewife, catfish and sunfish are usually represented in the diet, depending on

habitat. Although fish form the largest part of the diet, muskellunge will eat
crayfish, frogs, muskrats, mice, shrews and a variety of both young and adult
waterfowl.

Larger muskie are nearly free of predation themselves, except man and possibly
large birds of prey and bears. The great size of some spawners, the high regard
in which the fish is held, the shallow water of spawning sites and the loss of
wariness at spawning time make the muskie easy prey to disastrous reduction of
numbers by poaching.

A most critical stage in the life of the muskellunge is during spawning and
immediately after. Their habit of spawning in wetland areas can constitute a
serious limiting factor. Even slight drops in water level in these areas can
result in the stranding and death of the spawners or the young. More drastic
changes in level can expose the developing eggs.

Muskellunge are apparently limited by the success of northern pike over the
muskie where they co-exist. The northern pike's earlier spawning, faster growth,

- early dominance of fish in its diet and more efficient food conversion are cited
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ns contributing factors. Young and older pike consume young muskies, and the pike
aall ages is a direct more successful competitor of the muskie for space, food

and spawning sites.

Muskellunge host a number of parasites. Muskie are also subject to growth of
cancerous red tumors, which result in the fish being discarded by fishermen. -

Muskellunge are among the most highly prized freshwater trophy fishes in
North America. The anticipation of the possibility of capturing a world's record
muskie (which now would have to exceed 70 pounds), or even a single, legal-size
fish (36 inches long), annually draws thousands of anglers and their families to
known haunts of this species. The present world record is a muskie caught in the
St. Lawrence River in 1957. To guides, boat and motor sales and rental agencies,
tourist operators and merchants, the pursuit of the muskie means cash incomes.
The muskie fishery contributes an estimated several million dollars annually to

* the Canadian economy.

It is estimated that the capture of a legal muskie requires 100 man-hours of
angling. Once hooked, a muskie is a strong fighter and may take up to an hour to
land. This fish provides a considerable challenge to any fisherman and is a
prized trophy fish. Because of its great esteem as a game fish, the species is
propagated and planted in some waters and variously protected in others.

The principal means of protecting the muskie is to permit it to attain
substantial size so that it may breed at least once before it is taken by anglers.
In the St. Lawrence-Eastern Ontario area, muskellunge are found in localized areas
of suitable habitat in the St. Lawrence River near Cape Vincent, Clayton, Fisher's
Landing, Alexandria Bay, Chippewa Bay, Morristown (near the lee of islands or points),

* and in the bay and lower reaches of the Oswegatchie River. They spawn in the mouth___
of Crooked Creek and Chippewa Creek.

6) Carp (Cyprinus carpio Linnaeus)

Carp are an introduced, vigorously self-sustaining fish found throughout area
waters. They spawn when water temperature reaches at least 170C (62,60F) and cease
at about 280C (82.40F). In Lake St. Lawrence, it has been observed that spawning

* may be interrupted if the temperature drops below 170C (62.60F) and begins again
* when suitable temperature returns. Spawning season is usually extended when

temperatures permit and in the Great Lakes region, may last from May to August.
As the waters warm in the spring, adults move into weedy or grassy shallows, at
first gathering in rather large numbers near the surface. The adhesive eggs are
deposited randomly and become attached to submerged vegetation. Observations of
carp spawning in Lake St. Lawrence revealed that eggs laid on the marsh vegetation
hatched within three to six days after fertilization, depending on water
temperature.

By the end of the first growing season, carp usually attain lengths of 130 to
190 mm (5.1 - 7.5 inches). Males become mature at ages three and four, females
at ages four and five. The spawning population in Lake St. Lawrence is composed

*of carp ranging from age two to sixteen.

Carp consume a great variety of plant and animal life. A carp will select food
from the bottom by sucking up a mouthful of bottom ooze and expelling it back into
the water where it can choose the worthwhile food particles. Due to this feeding
habit, carp can be detrimental to native fish populations since they increase the
turbidity of the water and uproot aquatic vegetation needed by other life.
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Compounding their image as an undesirable fish species is their tolerance of
water quality unsuitable for other warmwater species. As such, carp population
numbers relative to population numbers of such less pollution-tolerant species
as smallmouth bass can be indicative of overall water quality.

j In the 1977 Lake Ontario U.S. commercial fish catch, carp made up less than
one percent of the total.

7) Brown Bullhead (Ictalurus nebulosus Lesueur)

The brown bullhead is a native fish with a self-sustaining population. Although
thi-s fish is an important sport and commercial species, there is a lack of detailed
life history information about it. It spawns in late spring and summer (April to
June) when water temperatures approach 21.1 0 C (700F). A shallow nest is prepared
by one or both sexes in a sandy or muddy bottom, or among the roots of aquatic
vegetation usually near the protection of a stump, rock or tree. Sometimes nest
burrows are made by tunnelling into the bottom or into a bank. These nests are
usually found around the shores of lakes, or in coves, bays or creek mouths in
water depths ranging from six inches to several feet, but usually less than four
feet.

Spawning apparently takes place in the daytime. A large number of spawning

acts take place with an increasing number of eggs released at each act. Females
203 to 330 mm (8 to 13 inches) in length may contain from 2,000 to 13,000 eggs.
After the eggs are in the nest, one or both parents care for them. They are
fanned with the parent's paired fins, moved and stirred with the barbels and fin
spines, and sometimes picked up in the mouth and ejected. The fanning and
manipulating is necessary as bullhead eggs will not hatch without it, even in
water containing more than adequate oxygen.

- The eggs take six to nine days to hatch at 20.60 - 23.30C (690 to 740 F). Some-

times one or more parent will eat some or all of the eggs before they can hatch.
At hatching, the young are about one-quarter inch long. They remain in the nest
about a week while the yolk sac is being absorbed. The young, resembling tadpoles,
then begin to swim and feed actively, herded about for several weeks in a loose
congregation by one or both parents. When the young are about two inches long, the
guarding and the school break down and they disperse.

The young fish, from about 25.4 to 38.1 mm (1 to 1 inches) long, feed
primarily on chironomid larvae, cladocerans, ostracods and newly hatched fish. Small
fish and eggs may be taken at times as well.

Growth is moderately rapid. The young are usually two inches long before the end
of their first summer. Overall rate of growth depends on such things as available
food supply and temperature. In unsuitable habitats, such as cold, elevated lakes,
they grow poorly. Overcrowding can also result in stunted populations. Average-
sized bullhead are usually 203.2 - 355.6 mm (8 to 14 inches) long, weighing three-
quarters to one pound.

Brown bullhead are usually near or on the bottom in shallow, warm water in
ponds, small lakes, shallow bays of larger lakes and larger, slow-moving streams
with abundant aquatic vegetation and sand to mud bottoms. They are sometimes found
in depths of 12.2 m (40 feet).
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These fish are very tolerant of conditions of temperature, oxygen and pollution

which might be limiting for other species. They can survive at water temperatures
of 36.10C (970F) and during the winter are able to live at an oxygen content of
0.2 ppm. They are reported to be able to bury themselves in the bottom mud to
avoid adverse conditions. They seem to be particularly resistant to domestic and
industrial pollution, sometimes being the only species present in heavily polluted -

streams.

Bullhead feed on or near the bottom, mainly at night. The food is searched
out by means of the barbels and by the senses of taste and smell. They are
omnivorous as adults, consuming offal, waste, mollusks, immature insects, terrestrial
insects, leeches, crustaceans (crayfish and plankton), worms, algae, plant materials
and fish eggs.

Brown bullheads, especially the young, are eaten by a wide variety of predatory
fishes, at times out of proportion to their numbers relative to other available
forage fishes. Chain pickerel, northern pike, muskellunge and walleye are among the
predators. They probably prey on the smaller bullhead, for which the spines do

not provide maximum protection.

Bullhead probably compete quantitatively for bottom organisms with a wide
variety of fishes. It is an indirect competition, due to their nocturnal feeding
habits and tactile searching methods. They have definitely been reported to have
eaten eggs of cisco, herring and lake trout, but may not be the egg predators that
they are assumed to be. Bullhead host several parasites but none of great concern

to man.

Brown bullhead are very popular sport fish with some people, sought after not

so much for sport as for the food. This species is not covered by season, size
or bag limit regulations and often provides the angler with enjoyment and food
prior to the opening season of the more popular sport fish. "Bullhead suppers" - -
sponsored by various organizations in spring and summer are quite popular in the
St. Lawrence-Eastern Ontario (SLEO) area. Fish consumed are usually supplied by
the local commercial fishery. Many of the area's restaurants also serve as a local
market for these fish. In the 1977 U.S. commercial catch for Lake Ontario, bullhead
made up 22 percent of the total reported catch, with 45,923 pounds reported.

Bullhead are found in good to excellent numbers in Mud Brook, Sandy Creek,
South and North Colwell Ponds, Goose Pond, Floodwood Pond, Lakeview Pond, in the
bay and mouth of the Black and Perch Rivers, at the mouths and lower reaches of
the Chaumont River, Guffin Creek, and other inlets to Chaumont Bay, in Cranberry
and Crooked Creeks, in the mouths of other creeks leading into Goose Bay, and in
the Grasse River.

8) White Perch (Morone americana Gmelin)

As mentioned in Section II, the white perch is not a native resident of the
lower Great Lakes. It invaded Lake Ontario via the Oswego River probably sometime
between 1946 and 1948. The population is self-sustaining. This fish has become
very abundant since its initial invasion and is the dominant species in several
sections of the lake.
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The white perch spawns in the spring about mid-May, soetimes extending
through late June, when temperatures are in the range of llu to 150C (51.8- to
590 F). Most reports indicate that spawning is prolonged, continuing for one to two
weeks. Spawning takes place over shallow water and is said to occur over any bottom
type with little evidence of preference. Large numbers of male and female adult
fish mill around in the shallow water and appear to release their sperm and eggs
more or less randomly. The eggs are adhesive and so become attached to vegetation,
rocks and other bottom objects. Total number of eggs vary from 20,000 to 300,000,
depending partly on the size of the female. This is a large number of eggs for
such a relatively small fish whose average size is 5 to 7 inches.

There is no parental care of the eggs that hatch in four to four-and-a-half
days at expected spawning temperatures of 150C (59UF). The young at hatching are
2.3 mm (0.09 inches) long and grow rapidly, reaching 40 to 65 mm (1 to 2 inches)
in length by July and August. Growth rates vary widely by area and the condition
of the population. Because of their propensity to increase in number rapidly,
white perch tend to become overpopulated leading to stunted populations.

In general, the females average slightly larger than males after the second
year. The ratio of females to males tends to increase with age, suggesting that
males have a higher mortality rate than females. The average life span for most
populations seems to be five to seven years.

Young white perch consume microplankton and, as they grow larger, aquatic
insect larvae become a significant part of the diet. Adults consume a higher
percentage of fish, including yellow perch, smelt, johnny darters and young of
their own species. Fish constitute about 35 percent of the diet of 7-inch white
perch and 70 percent of the diet of 216 to 254mm (8 to 10 inch) white perch.
Two peak feeding periods are reported daily, one at noon and a more important one

* -about midnight.

The white perch thrive in a variety of habitats but seem to be more successful
in waters reaching 240C (75.2 0 F) or more in the summer. They have been generally
observed to move onshore a+ night and offshore into deeper water at dawn. At
times, very dense schools may be formed. The movement is apparently associated in
part with feeding.

White perch are seldom preyed on by fish species (except other white perch)
and are only lightly affected by parasites.

The white perch is highly regarded in the eastern United States as a good
food fish. It figures highly in the U.S. commercial catch from Lake Ontario. In
1977, white perch ranked first in pounds harvested (68,433 pounds), accounting
for 33 percent of the total catch. However, they are not often exploited as a game
fish and are not commercially harvested to a great extent relative to their
abundance.

This could be the start of a serious problem. If white perch become abundant
in specific areas, they can provide serious competition for more valuable game
fish. Direct predation by white perch on game fish could also become a problem.
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9) Rock Bass (Ambloplites rupestris Rafinesque)

The rock bass is a native, self-sustaining fish in this area. There is not
much information on this species' life history. It spawns in he latS spring and
early summer when the water temperature is 15.60 to 21.1 0C (60 to 70 F). The male.
digs a shallow nest up to 2 feet in diameter in areas ranging from swamps or marshy);,_
areas to gravel shoals, in water depths of less than a foot to four feet or more.
Often nests are very close together in areas used heavily for spawning. Defense
of territory and attempts to attract and hold females are very aggressive.

Spawning takes place at short intervals over a period of an hour or more, but
only a few eggs are laid at a time. More than one female may spawn in the same
nest and one female may spawn in more than one nest. Egg number varies from 3,000
to 11,000 depending on the size of the female. The eggs are adhesive. The female
leaves the nest after spawning, while the male guards and fans the eggs and later
broods the young for a short period.

The eggs hatch in three to four days in aquaria at water temperatures of 20.50
to 21.O°C (68.90 to 69.8uF). An average number of 800 fry resulted from a nest
in Michigan.

Growth is rapid. In northern states, the young average between 38.1 and 50.8 mm
(1 to 2 inches) in length at the end of their first year, between 101.6 and 127 mm
(4 and 5 inches) at three years, and between 127 and 152.4 mm (5 and 6 inches) at
five years. An average adult is 152.4 to 254 mm (6 to 10 inches) long. In crowded
ponds or smaller streams, rock bass are often stunted and rarely exceed 228.6 mm
(9 inches).

Rock bass generally inhabit rocky areas in shallow water in lakes and the lower,
warm reaches of streams. The young occupy littoral to limnetic areas of lakes. TL .., -
adults are usually found in aggregations and most often in association with other __
sunfish such as the smallmouth bass and pumpkinseed. They feed largely upon both
immature and adult aquatic insects, crayfish and small fishes (especially minnows,
yellow perch, and at times their own young). They take some food at the surface.

The young and small adults are probably preyed on by the larger basses,
northern pike, muskie and possibly walleye. Rock bass compete with smallmouth bass
for food. They are host to several parasites, with the black-spot most commonly
seen.

In the SLEO area, the fish is an important commercial species. Rock bass made
up six percent of the U.S. commercial catch in Lake Ontario in pounds for 1977 with
12,089 pounds harvested. The species is not a major sport fish, although it is
easily caught from shore using various baits and lures, providing a good deal of
enjoyment for children. Rock bass can also be caught when still fishing or
casting for bass, northern pike or walleye.

This species may be important in an indirect way in its ecological association

with other species more valued by man, such as the basses.

10) Pumpkinseed (Lepomis gibbosus Linnaeus)

Pumpkinseed (sunfish) are native to this area and populations are self-sustaining.
They spawn from late spring to early summer when water temperatures reach 680 F. The
male constructs a nest in the shallow water of ponds, lakes or slow moving streams-
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usually in depths of 152 to 305 mm (6 to 12 inches) near shore. The nests are
shallow depressions 102 to 406 mm (4 to 16 inches) in diameter in areas of submerged
aquatic vegetation. There are often numerous nests very close together in one area.
The bottom type can be clay to sand, gravel or rock, since the male only sweeps deep
enough to expose a clean, hard bottom.

There is considerable display and swimming in a circular path during courtship
and mating. Egg laying takes place during these circulations with small quantities
of eggs and sperm released at irregular intervals. Males may spawn more than once
in the same season, in the same nest, with the same or different females.

The eggs adhere to the bottom of the nest on soil particles, small stones,
roots or sticks. The average number of eggs is from 600 to 3,000 for females
between two to five years old and 61 to 92 mm (2.9 to 3.7 inches) long. After the
eggs are deposited, the female leaves and the male remains to guard and fan the eggs.

The newly hatched young are minute and transparent. The male guards the young
for a period up to eleven days, returning them to the nest in his mouth if they
stray. After this time, the young leave the nest and the male may begin to clean
the nest in preparation for a second spawning.

Growth is moderately fast. Pumpkinseed in Ohio have reached 20 to 81 mm
(0.8 to 3.2 inches) in length by October. Average sized fish are 177.8 to 288.6 mm
(7 to 9 inches) long. Sexual maturity is usually reached by age two. In small --
productive bodies of water with large populations, stunting takes place and maximum
length may not exceed 101.6 to 127 mm (4 or 5 inches).

Food of both the young and adult consists mainly of a variety of insects and -.

other invertebrates, with some shift according to size and season. Small fishes or
other vertebrates such as larval salamanders can at times form a considerable
part of an adult's diet. Food is taken from the surface, off the bottom and in the
water mass.

Pumpkinseed are usually found in small lakes, ponds, shallow weedy bays of
larger lakes and in the quiet waters of slow moving streams. They range over
various bottom types, preferring clear water and the cover of submerged vegetation
or brush. They are usually seen in large numbers and often near or at the surface

- . of areas exposed to the sun.

Small pumpkinseed form part of the diet of almost all predatory fishes, and
to a lesser extent of the pumpkinseed and other sunfish. They are eaten by the
bass, walleye, yellow perch, northern pike and muskellunge. They host several
parasites, the black-spot being seen most often.

Pumpkinseed rank high as a sport fish with children. Their presence in large
numbers in shallow, sheltered situations close to shore makes them easily accessible.
This sunfish attacks even small pieces of live bait viciously and will put up a
strong fight to the delight of children and novice fishermen. The pumpkinseed, along
with other sunfish, is caught commercially in Lake Ontario where they comprised
about four percent of the total U.S. catch in pounds for 1977 (9,070 pounds).

11) Largemouth Bass (Micropterus salmoides)

in The largemouth bass is a naturally occurring, self-sustaining species found

in area waters. Spawning takes place from late spring into summer when water
temperatures reach 16.70 to 18.3 C (620-65°F). Since their spawning habitat is
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usually in shallow areas and quiet bays among emergent vegetation, largemouth bass
usually spawn earlier than the smallmouth bass. The water temperature warms sooner
in the shallows and bays than in the deeper, rockier sites used for spawning by
the smallmouth bass. Spawning grounds can vary from gravelly sand (more rarely) to
soft mud around reeds, bullrushes or water lilies in water 1 to 4 feet deep. The
male sweeps out a nest 2 to 3 feet in diameter, usually at least 30 feet from other
nests. It is thought that females spawn yearly between the ages of five and twelve,
often with several males on different nests. Males reach sexual maturity in three
to four years.

The number of fry found in a single nest averages 5,000-7,000. They remain in
the bottom of the nest until the yolk is absorbed, usually six or seven days. Then
they rise to begin feeding and schooling. For almost a month the male guards over
the brood. Even then, survival rate is low and usually only five to ten of a
particular hatch survive to reach 10 4.ches in length.

Spawning success, growth and survival in the first year determine strength of
the year-classes. As in smallmouth bass, good and poor year-classes make strikingly
different contributions to the population and angler harvest.

The habitat of the largemouth is the upper, warmer levels of the water body,
usually in association with soft bottoms, stumps and extensive vegetative growth.
This is in contrast to the habitat of the smallmouth, which is usually found in
rocky areas at deeper levels, though both species are commonly found in the same
waters. Despite the largemouth's preference for warm waters, they have a low
tolerance for low oxygen levels. They are more active in The winter than smallmouth
bass and are sometimes taken by ice fishermen.

Adult largemouth eat other fish, plankton, insects, crayfish and frogs. They
tend to feed at the surface in the morning and evening, and in the water mass and
from the bottom during the day. They are sight feeders, usually close to vegetation.

It has been reported that up to ten percent of the food eaten by largemouth bass
8 inches and longer is largemouth fry.

There are numerous parasites that can plague the largemouth bass. As with the
smallmouth bass, the parasites of most concern are the bass tapeworms, blackspot
and yellow grub. The tapeworm can cause sterility and the other two are unsightly.
None of these are .dangerous to man.

12) Smallmouth Bass (Micropterus dolomieui Lacepede)

The smallmouth bass is a native, entirely self-sustaining species. Spawning
occurs in the late spring and early summer, most often from late May to early July,
when water temperatures range from 12.80 - 200C (55o-68'F). In Lake Ontario,
spawning occurs in May to early June in tributary streams and some of the warmer
bays and from late June to July in the lake itself.

Spawning lasts over a period of six to t8n days wiSh egg deposition mostly
taking place at temperatures of 16.10 to 18.3 C (610-65 F). The male builds a
nest, usually selecting a firm bottom type consisting of sand, gravel or rocks in
shallow water ranging from 61 to 610 cm (2 to 20 feet) of lakes and rivers. The
nest is a saucer-shaped depression a few inches deep and from 30.5 to 183 cm
(1 to 6 feet) in diameter, most often found near the protection of rocks, logs or,
more rarely, dense vegetation. A temperature drop below 15.5 0C (600 F) during the
process of nest-building may cause the male to quit the preparation. Nest-
building may take from one-half to more than two days.
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After nest building, there is considerable pre-spawning activity before the
eggs are deposited in the nest and fertilized by the male. Egg number in females
depends on size and appears to range from 5,000 to 14,000 eggs per female. The
eggs become attached to clean stones near the center of the nest.

The female leaves the nest after spawning and may spawn again in another nest
with another male. The male guards the nest, fans the eggs and guards the young
after they hatch. If there is a decrease in temperature, the male may desert the
nest and all the eggs may be destroyed. About 40 percent of the nests can be
failures, with about 2,000 fry resulting from those that are successful. Sudden
shifts of temperature upward or downward, changes in water level and fungal
infections kill many eggs. The larger the female and guarding male, the greater
the hatching success.

The eggs usually hatch in four to ten days, with the young measuring 5.6 to
5.9 cm (0.224-0.226 inches) in length. Within twelve days, the young have absorbed
the yolk sac and can rise off the bottom. In another week, they begin to leave the
nest, but they are still guarded by the male for several days.

The fry begin feeding on plankton and switch to immature aquatic insects at
about 20 mm (0.8 inches). They begin eating crayfish and fish by the time they are
50 mm (2 inches) long. Growth of the young fish is rapid at first. By the end of
their first summer, they usually are of good fingerling size ranging from 51 to
102 mm (2 to 4 inches), primarily depending on water temperature and food
availability.

Many factors including summer temperature, water levels, wind, nest desertion,
predation, angling and the bass tapeworm greatly affect reproduction and survival

- of the young. This can result in large and small year classes with large differences
in contributions to the population and harvest.

Males usually reach sexual maturity in their third to fifth year and females in
their fourth to sixth year. The fish have an average size of from 203 to 381 mm
(8 to 15 inches), weighing from 1/2 to 1 pound in weight. Females probably spawn
every year.

The adults occupy varying habitats, depending on the time of year. In the
spring, the adults are congregated on the spawning grounds. Following spawning,
they are usually found in rocky and sandy areas of lakes and rivers in moderately
shallow water. They move to greater depths during the heat of summer. They are
usually found near rocks or submerged logs that offer protection. They are much
less associated with dense growths of aquatic vegetation than are the largemouth
bass.

Tho smallmuth pref~rs a lower temperature range than the largemouth - 20.30
to 21.3 C (68.5 to 70.3 F). Diet and seasonal movements are partly in response
to attempts to remain in water of the preferred temperature. The upper lethal
temperature for this species has been experimentally determined as 350C (95 F),
but it is generally considered that the smallmouth cannot tolerate high environmental
temperatures as well as the largemouth. In the winter, the smallmouth aggregate
near the bottom, are very inactive, eat little and are rarely taken by anglers.

In general, the food of adults consists of insects, crayfish and fish taken
from the surface, in the water and off the bottom. They begin feeding in the
spring when the water temperature reaches 8.50 C (47.3 F). The choice of food
shifts with availability from place to place. For adults in most habitats, crayfish
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form about 60 to 90 percent of the food volume, fish 10 to 30 percent and aquatic
and terrestrial insects 0 to 10 percent. The yellow perch seems to be the dominant
fish species in the diet.

The attraction of smallmouth bass for anglers is famous. It is a very important
species to the sport fishery and associated businesses in the St. Lawrence-Eastern
Ontario area. It is the most sought after species of the area. The average size
of those caught by anglers is 203 to 301 mm (8 to 15 inches), usually weighing under
3 pounds. In the SLEO area, it takes from four to six years for the smallmouth to
reach a length of 254 mm (10 inches)

Most tagging studies have shown smallmouth bass move within a limited range
of from 1/2 to 5 miles from place of capture. There is some evidence of homing to
spawning grounds and summer territory. In the SLEO area, studies have been
conducted on the migrating habits of the smallmouth bass.

It was found that the bass population as a whole is composed of a number of
local populations, distinguished mainly by rate of growth and migration. Distinct
populations are recognized for Eel Bay, Wilson Bay, Charity Shoals, Chaumont Bay
and the Galloo-Stony Island area. It was found that the bass in Wilson Bay contribute
appreciably to fishing in the St. Lawrence River above Clayton. Tagging studies
done on the populations in Eel Bay, Wilson Bay and Charity Shoals indicated that
most of the bass did not migrate more than five miles from the point of release.

There are several predators of smallmouth bass. Rock bass in groups apparently
cause a significant loss of eggs and fry. One distracts the guarding male while
the rest of the group feeds. Yellow perch, sunfish, catfish, longnose gar, suckers
and turtles are also predators.

Competition for food does not seem to be a serious limiting factor. However,
there is apparently competition for nesting areas with rock bass and in shallower
areas with sunfish. Competition with rock bass is an important limiting factor of
the bass populations in the St. Lawrence River.

The bass tapeworm (Proteocephalus ambloplitis) is a serious parasite which can
cause sterility or seriously limit smallmouth bass reproduction. Black-spot and
yellow grub, when present, often deter anglers from eating their catch.

13) Yellow Perch (Perca flavescens Mitchill)

The yellow perch is another species native to the area with a completely self-
sustaining population. Spawning occurs in the spring, usually from mid-April to
early May, but extends into July in some areas. Spawning takes place during the
night and early morning in a temperature range of about 8.40 to 12.2 0C (44 to
54OF).

The spawning grounds are in the shallows of lakes and tributary rivers, usually
near rooted vegetation, submerged brush or fallen trees, but occasionally over
sand or gravel. No nest is built, but the female extrudes the eggs in a gelatinous
"zig-zag rope" or tube that contains an average of 23,000 eggs. The total number
of eggs per female increases with size. These egg masses are semi-buoyant and
undulate with the water currents. They adhere to the submerged vegetation and, at
times, to the bottom. These "ropes",are easily cast ashore by wind, waves and
current, and are lost. Parents give no protection to the egg masses or the young.
The eggs usually hatch in eight to ten days.
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The young are about 5 mm (0.2 inches) long. They remain inactive for about
five days while absorbing the yolk sac , before they begin feeding on plankton. Growth
is usually rapid at first, but extremely variable depending on population size, habitat
size and food availability. Great Lakes perch average 63.5 to 89 mm (2 to 3 inches)
long after their first year. Yellow perch are gregarious and, in the first summer,
large compact schools of young are often seen in the shallow water near vegetation,
feeding on immature insects and invertebrates. Young perch are often found in mixed
schools that include a minnow species such as the spottail shiner.

When crowding of the young occurs, stunted populations can result with adults
never exceeding 152.4 mm (6 inches) in length. Normal growth may reach 355.6 mm
(14 inches). Females grow faster than males even at age one and attain a greater
ultimate size. Northern populations grow more slowly and live longer. Males become
sexually mature at age three and females at age four. The maximum age is usually
nine or ten years. The average length in the SLEO area is from 101.6 to 254 mm
(4 to 10 inches).

This perch is usually found in water temperatures of 190 to 210C (66.20 to
69.80 F). Their seasonal vertical movements suggest that they follow the 200 C (680F)
isotherm.

The yellow perch is very adaptable and is able to use a wide variety of warm
to cooler habitats, from large lakes to ponds or quiet rivers. They are most
abundant in the open waters of lakes with moderate vegetation, clear water and
bottom types ranging from muck to sand and gravel. Population numbers will decrease
in a body of water where turbidity increases or vegetation decreases. This species
appears to be more tolerant of low oxygen content than sunfish species.

In the SLEO area, the yellow perch is a very abundant fish found along the

entire lake shoreline and in the St. Lawrence River.

The yellow perch is generally considered shallow water species and usually is
not taken below 9.2 m (30 feet). The adults and young often move about in loose"" schools of 50 to 200 individuals, segregated by size. The adult schools are close

together in summer and more separated in winter. These fish move inshore and out,
moving vertically in the water during the day. At night, they are inactive and rest
on the bottom. Yellow perch are active all winter under the ice in shallow or deeper

water. Their seasonal movements are out of and into deeper water in response to
temperature and probably to food distribution. They exhibit migratory movements in
the spring.

The adults feed primarily on immature insects, larger invertebrates and fish
taken in open water or off the bottom. They apparently prey on the eggs and young of
a wide variety of fish. Active feeding takes place morning through about six p.m.
with little or none occurring at night. Perch feed actively all through the winter.

Predators of the yellow perch include almost all other warm to coldwater
predatory fish such as bass, sunfish, crappie, walleye, other yellow perch, northern
pike, muskellunge and to some extent, lake trout. Water birds, including gulls,
mergansers, loons and kingfishers also prey on the young and adults.

Young and adult perch may compete for food with brook trout, cisco, lake white-
fish, bass, crappie and bluegill. Yellow perch with their high reproductive
potential, voracious appetite and effectiveness at feeding can lead to serious
competition in some locations with more valued species such as trout and bass, as
well as with themselves.
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The yellow perch is host to a wide variety of parasites that reduce growth and
cause mortality. Those of more direct interest to man are the black-spot, yellow grub
and the broad tapeworm (Diphyllobothrium latum). The first two are harmless to man
but render the fish unsightly, often causing the angler to discard his catch. The
broad tapeworm could infect man if an infected fish were eaten raw or improperly
cooked.

Yellow perch can suffer from a number of fish diseases and such pathological
conditions as tumors.

The yellow perch has a prominent role in both the commercial and sport fisheries
of the St. Lawrence River and eastern Lake Ontario. It inhabits a wide territory,
a wide variety of habitats, and is a schooling fish that congregates nearshore in the
spring. All these factors make this fish readily accessible to both commercial and
sport fishermen. It is also a much sought-after species during the ice fishing
season. In addition, yellow perch are used as live bait for other fish such as
northern pike and muskellunge and as cut bait for a variety of fish.

Commercially, yellow perch made up 24 percent of the total U.S. catch in pounds
in Lake Ontario for 1977 (48,868 pounds).

14) Walleye (Stizostedion vitreum vitreum)

The walleye is a prized game fish in the St. Lawrence River and is found in the
SLEO area mainly below the Moses-Saunders Power Dam. The population of walleyes
upstream from the dam decreased following the formation of Lake St. Lawrence, since
walleye prefer to spawn in rocky areas in white water.

Spawning 8sually begins when water temperature falls in the range of 5.60 to
ll.1 0C (420-52 F). Walleye spawn at night in tributary rivers or below dams. The
eggs are broadcast and fall into the substrate, where they hatch in 12 to 18 days.
By the end of the summer, the young are found at depths of 20 to 30 feet. They have
reached up to 213 mm (8.4 inches) in the Bay of Quinte, Lake Ontario, after one year .-

of growth. The average sized walleye seen by anglers are usually 1 to 3 pounds in
weight but have been reported to reach over 20 pounds.

Walleye are tolerant of a great range of habitat conditions, but they require
shelter from daylight due to their sensitivity to bright light. Large streams or
rivers, providing they are deep or turbid enough to provide shelter in daylight, are
preferred habitat. Walleye often use sunken trees, shoals, weed beds or thick
layers of ice as shields from the sun.

Feeding occurs primarily at twilight and most often the presence of walleye is
associated with other species such as yellow perch, northern pike, muskellunge and
smallmouth bass. They are active all winter and in the St. Lawrence River are the
third most common fish sought in ice fishing, after northern pike and yellow perch.

Both northern pike and muskellunge prey on the walleye. The northern pike is
thought to be a major competitor as it is the only other major shallow-water predator
in the north.

Walleye comprised less than half a percent of the 1977 Lake Ontario U.S.
commercial fish catch.
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B. Forage Fish

1) Alewife (Alosa pseudoharengus Wilson)

The alewife is a marine fish native to the east coast of North America. As
indicated in the historical section, the alewife was first recorded in Lake Ontario
in 1873. It is not established with certainty whether it invaded naturally or was
accidentally introduced. Landlocked populations now occur in all the Great Lakes.
Attention will be given to the life history of these landlocked populations.

Landlocked alewives inhabit the open lake waters during most of the year and
move inshore to spawn beginning in April in Lake Ontario. The migration lasts from
April to July depending on location and water temperatures. Freshwater populations
spawn on sand or gravel bottoms in streams or in shallow areas along the lake shore,
often in areas with some vegetation.

Females appear on the spawning grounds first, with the males arriving shortly
after. Spawning takes place at night, in groups of three or in pairs, in water
152.4 to 304.8 mm (6 to 12 inches) deep. The eggs are broadcast at random, demersal,
and essentially non-adhesive. Egg numbers are variously estimated from 10,000 to
12,000 for freshwater females. At mean water temperature of 15.6 0C (600F), incubation
takes six days.

Adults leave inshore waters immediately after spawning. Most migrate to deep
water sometime in late August. About mid-September, they appear in water 45.7 to
91.4 m (150 to 300 feet) deep and remain in deep water until March.

Juvenile alewives migrate inshore in the spring like the adults. They are
found in shallow water during the night, and are located on the bottom in 1.8 to
3.1 m (6 to 10 feet) of water during the day. It is probable that the migration time
of juvenile alewives to deep water and the time spent there are similar to the adults.

Lake Ontario alewives display rapid early growth, which decreases with the onset
of maturity (age two for males, three for females). Female alewives grow larger and
live longer than the males and exhibit a faster growth rate.

Both adult and young alewives are zooplankton feeders. The diet does not seem
to change appreciably as the young grow and develop. In fresh water, the principal
food items are copepods, cladocerans, mysids and ostracods. Insect larvae may be
important in the diet of inshore adults. Alewives display a high degree of selectivity
in feeding. -

Predators of freshwater alewife populations are primarily the larger piscivores
such as the burbot and lake trout. Rainbow trout, cisco, smallmouth bass, northern
pike, yellow perch and walleye are also reported to eat alewives. A recent study
indicated that large rainbow smelt commonly prey on young alewives during the fall when
the two species occupy the same depth (18.3 to 73.2 m (60 to 240 feet)). This
predation could represent an important part of the alewife's total mortality during
its first year of life. Spottail and emerald shiners are reported to feed on
alewife eggs.

The alewife is considered a nuisance in the Great Lakes, primarily because of
Its periodic die-offs in shallow water during the spring and summer months. The

- large number of dead and dying fish that are washed up on shore produces an unpleasant
situation. Many theories are advanced to explain these mortalities. One suggests
that the alewife is unable to acclimate rapidly to rising or fluctuating tempertures.
Mortalities occur when the alewife moves into warm spring shoal waters while
acclimated to the cold temperatures of the lake bottom.
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In its native environment along the Atlantic coast, the alewife is large and
meaty and considered desirable food for human consumption as well as forage fish for
large predators. However, Great Lakes populations are thin, bony and average only
152.4 mm (6 inches) in length. They are harvested commercially for use in the
preparation of pet food, fish meal and oil.

They have proved to be an important forage fish for the stocked coho salmon in
Lake Michigan and elsewhere. However, alewives accumulate DDT in their tissues
(particularly the body fat) by feeding on zooplankton. This leads to large accumula-
tions of DDT in the coho that feed on large numbers of alewives.

2) Rainbow Smelt (Osmerus mordax Mitchell)

The rainbow smelt is an anadromous species native to the North American coast.
Its introduction into Lake Ontario and the Great Lakes was discussed in Section II.

Smelt spawn in the spring not long after the ice is out, usually in March,
April or May, with the precise time depending on locality and weather. In the Great
Lakes region, spawning usually, but not always, occurs in streams. If exceedingly
stormy weather prevails during the spawning period, smelt may spawn offshore. One
study indicated that survival of shore-spawned eggs was similar to that of stream-
spawned eggs. This shore spawning may be of greater importance to the species'survival than previously realized.

Spawning may last up to three weeks, but the peak seldom lasts more than a
week. It takes place mainly at night, with the spawners dropping downstream to the
lake by day. Two or more males maintain a position against a female in swift water
and the eggs are released in clusters. Presumably the milt is released at the same
time. The eggs become adhesive after they are released and quickly become attached
to the bottom gravel. The egg is held by its outer coat and allowed to stay in
the current.

Egg number varies with the size of the female. Although no Lake Ontario data
is available, a Lake Superior study found about 15,000 eggs per ounce of female.
The eggs hatch in two to three weeks depending on temperature. The young are about
5 mm (0.2 inches) long when hatched and drift downstream to the lake.

Growth is fairly rapid, depending on local environment. In a few months the
young may measure 20 - 40 mm (0.8 to 1.6 inches) long and are extremely slender and
transparent. By August, they may be 51 mm (2 inches) long and are found close to
shore along the sand and gravel beaches. They are mature by their third year. The
females grow faster and larger and live longer than males. Average adult length
is 177.8 to 203.2 mm (7 to 8 inches), but some reach 355.6 mm (14 inches).

Smelt are schooling fish, inhabiting mid-waters of lakes. They do not inhabit
flowing water of streams or rivers except at spawning time. They are sensitive to
temperature and especially to light. In Lake Erie, most smelt were found near or at
the bottom at depths of 24.4 m (80 feet) or more during daylight hours. They seem
to prefer temperatures near 7.20C (450F).

Smelt are carnivorous, feeding on a wide variety of smaller creatures. The
oppossum shrimp is the primary food in the Great Lakes. They also eat amphipods,
ostracods, aquatic insect larvae and aquatic worms. Fish constitute six to ten .

percent of the volume. In the Great Lakes, sculpin and small smelt are commonly
eaten. Other fish reported in their diet are small burbot, white bass, whitefish,
emerald, shiner and alewive. Even though studies have not exposed the smelt as
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' a heavy predator of other fishes, it is still regarded with suspicion by many
biologists and fishermen. They occur in such large numbers that predation by even

* a very small percentage of smelt could be significant.

- Smelt are preyed upon by a variety of fish, including burbot, walleye, perch,
other smelt and especially lake trout. They are an important food for the stocked
salmon in the Great Lakes. Smelt were first introduced in Michigan waters for that
purpose. A wide variety of birds including gulls and crows prey on the smelt during
post-spawning mortalities. The rainbow smelt hosts a number of parasites.

This fish is a popular sport fish in the SLEO area. During nights of spawning
runs in April and May, fishermen with dip nets line the shores of Lake Ontario near
the mouths of the Salmon and Black Rivers to catch the fish as they move to the
streams to spawn. Smelt are part of the commercial catch of the U.S. and Canada.
In 1977, U.S. commercial catch data for Lake Ontario indicated 13,175 pounds of
smelt were harvested.

3) Spottail Shiner (Notropis hudsonius Clinton)

The spottail shiner spawns in the spring and early summer, the precise date
depending on latitude and seasonal weather. In Lake Erie, spawning occurs in 0.91
to 1.2 m (3 to 4 feet) of water over sandy shoals in late June and early July. There
is some evidence that, in Lake Superior, spottails use the mouths and lower reaches of
tributary streams for spawning. They spawn in closely packed groups with no evidence
of nesting.

Data concerning egg number, incubation period and rate of development is generally
lacking. One study conducted in Clear Lake, Iowa, indicated that two-year-old
females contained 1,300 to 2,600 eggs each. The same study found faster growths were

*: related to higher temperatures.

Spottail shiners average 63.5 to 76.2 mm (2 to 3 inches) in length. Spottails
spawn from age one to three, but apparently do not spawn until they are over 68.6 mm
(2.7 inches) long at the spawning season.

Little information is available about the food of this species, which is mainly
plankton. Daphnia forms about 40 percent of the diet. Algae, crustaceans, aquatic
insects and sometimes eggs and larvae of their own species can be part of their
diet.

The spottail shiner is a forage fish of considerable value since it is eaten by
almost all predaceous fish (including large spottail) in the Great Lakes. It is
frequently used as bait fish in the SLEO area.

4) Slimy Sculpin (Cottus cognatus Richardson)

The slimy sculpin is a native of northern North America. In the past, it served
as a major food fish for lake trout. Its role as a forage fish is considered
important in efforts to restock lake trout in Lake Ontario.

There is a lack of information about the spawning habits of the slimy sculpin.
Spawning behavior in Cayuga Lake begins at a temperature of 50C (410F). The male

, selects a nest site under a rock, ledge or sometimes a submerged tree root. After
courting, the female enters the nest, deposits the adhesive eggs in a mass on the
nest's ceiling and either leaves or is driven out. The male guards the nest and
young after they hatch.
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Details concerning egg sizes, rate of development and growth rates are largely
unavailable in published form. In a northern Saskatchewan population, three-year-
old females about 4 inches long produced 1,400 eggs. Near Montreal along the
St. Lawrence River, spawning occurs during early May at about 80C (460F). The eggs -

hatch in about four weeks and the fry fall to the bottom of the nest. The yolk sac
is absorbed in three to six days, depending on water temperature and the young left
in the nest.

In general, sculpin occupy deeper waters of rocky or gravelly lakes and cooler
streams. In a Great Lakes survey conducted in the late 1950's and early 1960's,
slimy sculpin were taken in numbers from 5.5 to 82.3m (18 to 270 feet) and appeared
most commonly in depths of 36.6 - 73.2 m (120 to 240 feet). The largest catches
of slimy sculpin in Lake Superior have been made at 91.4 to 107.9 m (300 to 354 feet).

Evidence suggests that the primary food is invertebrate bottom fauna, particularly
aquatic insect larvae. The species eaten depends upon availability, which in turn
is related to habitat. The average size of the adult is three inches.

A number of larger predaceous fish including lake trout, northern pike and
burbot feed on sculpin.

Besides being important as a forage fish, the slimy sculpin is used as a bait
fish for trout. It is commonly associated with both lake and brook trout and is
part of their diets. It may compete with the brook trout since both eat aquatic
invertebrates, but the extent of such competition is unknown.
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APPENDIX D. •

SITE-SPECIFIC DATA FOR
MASSENA LOCKS AREA
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Table 67. Species of Fish Captured in 1979 in the Lower Grasse River.

Monthly Summnary.* -i
SPECIES May June July Aug. Sept. Oct. Nov. -

Bowfin X X
American eel X X X
A1lewi fe X

Gizzard shad X
Northern pike X X
Carp X X X
Silvery minnow X X X X
Golden shiner X X X X X X X
Emerald shiner X X X X X
Spottail shiner X X X X X X X
Rosyface shiner X
Bridle shiner X
Pugnose shiner X X
Common shiner X
Bluntnose minnow X X X X
Fathead minnor X X
Fallfish X X X X X XWhi te sucker X X X X X X X -:

Shorthead redhorse X
Greater redhorse X
Channel catfish X
Brown bullhead X X X X X
Brook silverside X
White perch X X X X X X X
Rockbass X X X X
Pumpkinseed X X X X X X
Bluegill X X X X X X X
Smallmouth bass X X X X
Largemouth bass X X
Black crappie X X X X X X X
Johnny darter X X X X X X X
Yellow perch X X X X X X X
Logperch X X X X X X
Walleye X
Mottled sculpin X

Number of species 27 20 17 16 21 11 15
Number of sampling

days 10 5 2 2 3 1 2
trap net 6 3 0 0 0 0 0
15' seine 2 1 0 0 0 0 0 -.

60' seine 2 1 2 2 3 1 2

•USFWS 1979
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TABLE 70 TOTAL NUMBER OF FISH CAUGHT BY 15' FLAT SEINE IN THE

GRASSE RIVER IN 1979 AT ALL STATIONS.
AVG. #

SAMPLING PERIOD # HAULS PER HAUL RANK BY
SPECIES 57 5 6/18 TOTAL PRESENT PRESENT NUMBER

Silvery minnow 2 0 0 2 2 1.0 7

Golden shiner 14 0 0 14 .4 3.5 3

Emerald shiner 10 1 0 11 3 3.7 4

Spottail shiner 29 2 0 31 6 5.2 2

Pugnose shiner 2 3 0 5 3 1.7 5

Brown bullhead 0 1 1 2 2 1.0 7

Pumpkinseed 0 1 1 2 2 1.0 7

Bluegill 1 3 0 4 2 2.0 6

Johnny darter 5 12 22 39 8 4.9 1

# Specimens 63 23 24 110 13 8.5 --

# Species 7 7 3 9 .. .. ..

*USFWS 1979
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Table 72 Bird transects in the Massena sampling area on the St. Lawrence

River in 1979.*0

TRANSECTS

Number Name

BT1 Robert Moses Park

BT2 Polly's Gut Woods

BT3 Polly's Gut Field

BT4 Snell Lock North

BT5 Eisenhower Lock North

BT6 Eisenhower Woods

BT7 Robinson Creek Area

BT8 Route 131 - Horton Road

BT9 Donahue Road ,

BT1O Kinne Road West

BT11 Kinne Road North

BT12 Snell Lock South

BT13 Grasse River

BT14 Reynolds Metals Area

* Each transect was approximately one kilometer (0.6 miles) in length and

was surveyed three times during the breeding season, prior to July
10, 1979. A survey usually required about two hours to complete. The
three surveys of each route were averaged to provide a basic figure
for comparative purposes. This figure is used In the table. All
birds noted were recorded. The numbers and name of each transect are
listed above.+=<

* USFWS 1979
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Table 73 . Number of birds sighted on the St. Lawrence River in 1979 at station 4 .

SPECIES 6/5 6/7 6/11 16/14  6/21 6/26 7/2 7/5 7/19

Great Blue Heron 1 1 "

Mallard 1 2

Northern Marsh Harrier 1

American Kestrel 1 1

American Woodcock 1 1

Common Snipe 1 2 1

Herring Gull 1

Ring-billed Gull 30 18 39 41 15 7 18 6 5

Black-billed Cuckoo 1

Common Flicker 1 2 2 3 1

Eastern Kingbird 4 4 5 4 3 2 7 14

Great-crested Flycatcher 1 1 1 1

Tree Swallow 4 6 6 5 40 36 50 250 150

Bank Swallow 2 1 4 18 32 50 120400 300

Barn Swallow 3 8 20 12 15 26 30 50 75

Cliff Swallow 20 40 30 8 150 250 400 350 200

Purple Martin 2 3 5 8 14 7 4

Black-capped Chickadee 2 1 2

House Wren 1 1 1 1 1 1

Gray Catbird 2 1 2 1

Brown Thrasher 1 1

American Robin 4 5 10 8 7 6 5 4

Starling 8 12 15 30 50 40 80 120 200"

Warbling Vireo 1 l 1

Yellow Warbler 7 1 4 6 5 6 8 14 6

Common Yellowthroat 2 3 4 3 3 2 1 2 1

American Redstart 1 1 5 1 1 1
-~~~~ - - - - -- A- - - - - -

Bobolink 4 5 6 6 4 5 4 4 2

*No birds sigted +Mean number per sampling period present (Average per occurrence)

eUSFWS 1979 '22



Table 73.(continued)

SPECI ES 165 67 6/11 16/14 16121L16/26 17/2 17/5 7/19Ti - - - - -

x- Eastern Meadowlark 4 4 5 4 3 3 7 2 1

Red-winged Blackbird 6 1 0 15- 8 7 4 10 15 20

Northern Oriole 1 1l 3 1 2 1 

Comon Grackle 4 7 9 15 16 8 13 7 15

Brown-headed Cowbtrd 4 3 2 8 6 1

Scarlet Tanager 1

Rose-breasted Grosbeak 2 1 1 1 1 1

SAmerican Goldfinch 4 3 2 2 2 1 2 1 6

Rufous-sided Towhee 2 1 1 1

Savannah Sparrow 1- -3 4 3 1 1 -

Chipping Sparrow l l 1 1 1

Field Sparrow 1 1 1

Song Sparrow 5 3 4 8 7 5 1 1 3

Species Richness 27 24 25 29 28 26 28 27 22

____________[--'I __

II f 1

- - _

____llyii _zzj_-

_____ztl zzH
'No birds sighted Mean number per sampling period present (Average per occurrence)

D23



Table 73. (continued)
Avg./j

SPECIES :Total Occ.

Great Blue Heron 2 1.0 :

Mallard 3 1. 5

Northern Marsh Harrier 1 1.0

American Kestrel 2 1.0

U merican Woodcock 2 1.0 -..

Common Snipe 4 1.3

Herring Gull 1 1.0

Ring-billed Gull 179 19.9

Black-billed Cuckoo 1 1.0

Comon Flicker 9 1.8

Eastern Kingbird 43 5.4

I Great-crested Flycatcher 4 1.0

I Tree Swallow 547 60.8

Bank Swallow 927 03.0

Barn Swallow 239 26.6

Cliff Swallow 1448 160.9

Purple Martin 43 6.1

Black-capped Chickadee 6 1.5

House Wren 6 1.0

Gray Catbird 6 1.5

Brown Thrasher 2 1.0

American Robin 49 6.1

Starling 555 61.7

Warbling Vireo 3 1.0-.-,- - -

Yellow Warbler 65 7.2-

Common Yellowthroat 21 2.3

Amrican Redstart 10 1.7

Bobolink 40 4.4

**a ::rds signted +Mean number per sampling period present (Average per occurrence)

DD. 4

- - .2 ..-... .' . . .



- Table 73.(continued) 2
"IE Avg .I

SPECIES Total 7cc.-
Eastern Meadowlark 33 3.7

Red-winged Blackbird 95 110.6

Northern Oriole 9 1.5

Common Grackle 94 10.4

Brown-headed Cowb, rd 1 24 4.0

Scarlet Tanager 1 1.0

Rose-breasted Grosbeak 7 1.2

American Goldfinch 23 2.6

Rufous-sided Towhee.- 5 1.3

Savannah Sparrow [15 1.9

I Chipping Sparrow ---5 .0

Field Sparrow . 3 1.0

Song Sparrow 37 4.1

Species Richness 41

___ .

_ _ _ __o -id sihe-Ma ubrpr apigpro rsn (vrg e curne
_ _ _ _ _ T1 25



Table 74. Number of birds sighted on the St. Lawrence River in 1979 at station 5 .

SPECIES 7/30 8/1 8/6 8/9 8/29 9/24" 10/5 10/15 10/17 10/22

Great Blue Heron 1

Canada Goose 61

Mallard 2 2

* Black Duck 1

Red-tailed Hawk

American Kestrel 1 3 6

Gray Partridge 18

Killdeer 2 2

Rock Dove

Mourning Dove 1

Belted Kingfisher 1

Common Flicker 2 5

Downy Woodpecker .'

Eastern Kingbird 9 9 4 4 *

Horned Lark

Tree Swallow 10 4 10 3 7

Bank Swallow 3

Barn Swallow 30 50 40

Purple Martin 2

Bl ue Jay 3 25

CommonCrow 5 8 8 20 3 5

Black-capped Chickadee 4 5 5

Brown Thrasher 1

American Robin 3 15 30 15 5

Water Pipit - -i-- - - - -

Cedar Waxwing 1

Starling 200 20 20 110 150 140 50c 50 200

I Yel low Warbler ,.-.""

eUSFWS 1979 -D26 - -
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Table 74. continued

_ __ 11~SPECIE-S 7/301 _/__8618/__/2 0151/7 02

House Sparrow 10 40 01

IBobolink -3 501

Eastern Meadowlark 4 1 -

Red-winged Blackbird 1800 20 500 10 42 -

Unidentified Blackbirds 200

SComon Grackle 3 5 5

Brown-headed Cowbird. 25 1.

I American Goldfinch 5

* Savannah Sparrow I 3

Rufous-sided Towhee I I I I 1

White-throated Sparrow 4

. Song Sparrow 4 20 15 4 1

Sge-ie Richnpss 2 15 i 15 13 4 011 2 19 6

* 1 * -- ------ ---- -.--.-.-

I 1.i -. _

* I - - -

--i -,.-:- :'-

*No birds sigh:ed +Mean number per sampling period present (Average per occurrence)"" D27



Table 74. continued

SPECIES 10/30*111/8 11110 11/20 Total -Occ.1 I

Great Blue Heron 1 1.0

Canada Goose j iI61 61.0

iMallard 4 4 2.0
Black Duck [ - - - 7 7 0

*Red-tailed Hawk 112 1.0I

American Kestrel i 11 2.8

Gray Partridge 18 18.0

Killdeer 5 1.7 -

Rock Dove 15 50 65 32.5 - - -

Mourning Dove -1 1.0 .

Belted Kingfisher 1 1.0

___Common Fl i cker ,- 7 3.5

Downy Woodpecker f..
Eastern Kingbird i 26 6.5

Horned Lark 1 12 12 12.

Tree Swallow ii 34 8

Bank Swallow -3 3.0 "--

Barn Swallow 1 120 40.0:

Purple Martin 1 27 2.0 L H
Blue Jay 2 30 10.0

Comon Crow 49 8.2 - -

Black-capped Chickadee 3 12 4.0

Brown Thrasher I 1.0 - -

American Robin 68 13.6
Water Pi pi t , I 1.0 i"'

j Cedar Waxwing - 1 1.0 "*.T .

Starling 1390 154.4

Yellow Warbler T 6 3.0 K l
*No birds sighted +Mean number per sampling period present (Average per occurrence)

.. ...



Table 74.continued

_____ ____ ____ _____ ____ - t- . - Avg./' --

SPECIES 0/30*11/8 111/10111/20 Total Occ.

House Sparrow 10 - 85 21.3

Bobolink 53 26.5

Eastern Meadowlark 9 4.5

Red-winged Blackbird 1 2372 474.4[

Unidentified Blackbirds 200 1200.0

Comon Grackle 13 4.3

Brown-headed Cowbird 25 25.0

American Goldfinch 5 5.0
Savannah Sparrow Ii6 3.0

Rufous-sided Towhee 1 1.0

White-throated Sparrow 4 4.0

Song Sparrow 43 10.8-

Species Richness 1 0 5 3 1 40 1

_ _ _ _ _ 1i1ds I 

0 -!

;_ _ _' - !

b"dsSg.•d +ea n ... .. i..f



Table 75 Number of birds sighted on the St. Lawrence River in 1979 at station 8

SPECIES AM sjrj #/A 6/12 6/21 6/29 7/5 8/1 8/6 8/9

Green Heron 1 1

Mallard 1

Red-tailed Hawk 1 1

Northern Marsh Harrier 1

American Kestrel 1 2 1 2 2

Ruffed Grouse 1

Killdeer 3 3

Upland Sandpiper '1 1 1

Ring-billed Gull 8 4 5

Mourning Dove 1 11

Belted Kingfisher 1

Comon Flicker 1 2 1 3 2

Hairy Woodpecker 13 

Downy Woodpecker 1 -

Eastern Kingbird 8 4 5 5 3 4 5 2 4

Great-crested Flycatcher 2 2 1 3 1 2 2 1

Eastern Phoebe 1 1 1

Willow Flycatcher 2 2 1 3 1

Alder Flycatcher 3 2 2 3 1 1 1

Eastern Wood Pewee 1

Bank Swallow 5

Barn Swallow 4 3 6 4 20 5 4 5

Purple Martin 2 1
Blue Jay

Common Crow 1- 4 1 j3

Black-capped Chickadee 4 2

House Wren -1 11 2

I American Rnhin A j 5 IA 4 - L5 4 20
*No birds sighted +Mean number per samj 3iog period present (Average per occurrence)eUSFws 109



T-bl e 75.conttnued

Sc SPECIES 6/5 6/6 i6 6/12 6/21 6/29 8/1 8/9
Woodthrush 1 1 2- -

Veery 1 1 i -

____" 1 1 21 - -

Cedar Waxwing - 2 1 2

Starling 2 5 4 4 10 15 30

Red-eyed Vireo 2 2 1 2 2 1

Warbling Vireo 1 1 1 1 1

Yellow Warbler 5 _2 5 3 5 3

Comon Yellowthroat 4 3 3 3 2 -1

American Redstart 2 2 1 1 1 50

Bobolink 1 1 1 1

Eastern Meadowlark 12 1 2 3 2 1

Red-winged Blackbird 10 15 7 8 8 4 10
Northern Oriole 4 1 3 12 1 2

Brown-headedC 2 1 1 2

-l~I 3- -2- -

Rose-breasted Grosbeak 2 3 2 2 1 1

American Goldfinch I 6

Rufous-sided Towhee

Savannah Sparrow 12 2 4

Field Sparrow 1 1

Song Sparrow 11 8 7 4 5 6 5li10 4

Species Richness 31 25 31 29 23 24 22 9 12 3

T I_ _ I. I
*N1o birds sighted +Mean number per sam%ling period present (Average per occurrence)

31

I %,
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- Table 75. continued

P I I -. Avg./
SPECIES 10/17 110/22 1 11/8 111/10 Total Avcc.

Green Heron I 2 1.01

Mallard -1 1.0
Red-tailed Hawk .03 1

Northern Marsh Harrier 1 2 1.01

iAmerican Kestrel 8 1.6

Ruffed Grouse 1 - 1 1.0-

Killdeer 6 3.0 1

Upland Sandpiper 4 1.01

Ring-billed Gull - 181 4.5 1 1

Mourning Dove I 1.0

Belted Kingfisher 1.

Common Flicker 9 .8 -:'-

Hairy Woodpecker 2.0 42. -. -

Downy Woodpecker . , 2 1.0

Eastern Kingbird 40 4.4

Great-crested Flycatcher 1 14 1.81

Eastern Phoebe 3 -.-

Willow Flycatcher .- 9 .8

Alder Flycatcher 13 1.9

Eastern Wood Pewee - -I 1.0

Bank Swallow 5 5.0 -

Barn Swallow 51 6.4

Purple Martin 3 1.5

Blue Jay 4 2 6 3.0 I -

I Common Crow 10 20 3.3 1

Black-capped Chickadee 5 11 3.7

House Wren 4113

American Robin 6I I .. o - - -

*Nlo birds sighted +Mean number per samgling period present (Average per occurrence)
....... 32



7Th2l 75. continued

SPEC:ES -- -

~1U/i/.LU 8J(111/1 !Tota-

-Woodthrush 5 -.3

Veery i I 1.0

Cedar Waxwing" 8 1.6

Starling 1 50 140 115?6-

Red-eyed Vireo 10 1.7
Warbling Vireo --- 4 1.0' -"--.-

I Yellow Warbler 31 4.4

Comon Yellowthroat i20 2.9

American Redstart , 58 8.3

Bobolink .. 1.2

Eastern Meadowlark 15 2.1

Red-winged Blackbird 17-- 7 9.6 -

Northern Oriole- -- - 15 2.5

Brown-headed Cowbird 7 1.41
Rose-breasted Grosbeak 12 11.7

American Goldfinch - 6 6.0

Rufous-sided Towhee -3 .0' i
____________________________ ' .1 ' i

Savannah Sparrow .- - 12 1.7

Field Sparrow J 1 3 1.0

Song Sparrow 60 6.7
o...

SpecieR s ihes 2 3 2-ea4

_ _ _ _ _ _ _ _ I ,ti

*No birds sighted +Mean number per sampling period present (Average per occurrence)
D33"""" " "' "' " """""" ' ""' 'ii:i " ~ "" * **: '*. .: ' ....."""."..."..".."..."" .'- "



Table 76 Number of birds sighted on the St. Lawrence River in 1979 at station 9 .
! ~vg.l

SPECIES 7/30 8/1 8/6 9/24 10/5 Total Occ. X E
Green Heron 1 1 1.0

Common Flicker 1 8 22 5 36 9.0

Hairy Woodpecker 1 1 1.0 --- "

Downy Woodpecker 2 2 4 2.0

Eastern Kingbird 3 4 10 17 5.7

Eastern Wood Pewee 1 1 1.0

Tree Swallow 60 60 60.0

Blue Jay 2 2 2.0

Common Crow 5 5 10 5.0

Black-capped Chickadee 2 2 2.0

Gray Catbird 1 1 1.0

American Robin 5 3 15 23 7.7

Veery 1 1 2 1.0

Ruby-crowned Kinglet 2 2 2.0

Cedar Waxwing 3 4 7 3.5

Starling 50 50 100 50.0

Yellow Warbler 2 3 5 2.5

Common Yellowthroat 1 8 5 14 4.7

Eastern Meadowlark 1 1 1.0

Red-winged Blackbird 15 600 20 10 645 161.3

Northern Oriole 5 5 5.0

Common Grackle 2 2 2.0 - -

Rose-breasted Grosbeak 2 15 17 8.5

American Goldfinch 8 15 23 11.5

Rufous-sided Towhee 1 1 1.0

Dark-eyed Junco 5 5 5.0

Field Sparrow 2 2 2.0

Whi te-crowned Sparrow 25 30 55 27.5,
JFW*No birds..sighted +Mean number per samplingD3 period present (Average per occurrence) .:.

..- ,FW 19 D34 , °. . ., %., o j . . o , , . .. - ... .'-



Table 76 (continued) -

I T vg./

SPE'ES 17/30 8/1 8/6 9/24 10/5 Total Occ. .-

-White-throated Sparrow 2 40 20 62 20.7

i Lincoln's Sparrow 5 5 5.0 1

Swamp Sparrow 4 20 2 26 8.7

Song Sparrow 3 10 140 225 40 418 83.6

Species Richness 9 12 22 11 7 32

__ _ _ _ _ _ _ _ __ _ _ _ _ - - - - - - - - - - -

If--.'

- ---. ----

,-.

.35-

• .__________________ - . a - a I - - .:- ---
* - . -- ....................-.....
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Table 77 . Number of birds sighted on the St. Lawrence River in 1979 at station 11 .

SPECIES 7/26 7/Q 8/291 9/8 1 9/24 10/5 10/I 3 10/30 11/8

Great Blue Heron 2 3 2 3 1

Canada Goose 1 32 1 8 200 5 4 50 1 1 "

Mallard 1135 34 90262125 80 20 21

Black Duck I 36 58 210 266 110 240 135 80

Gadwal 1 - - 2 60 17 36 65 115 16

Pintail 3

Green-winged Teal 2

Blue-winged Teal 4 3

American Wigeon - 19 8 80 10 35 25 10

Northern Shoveler 41 4 30

Redhead 5 205 345 850 800

Canvasback .2 1 1 29

Ring-necked Duck _ _ 70 ' 210, 775 650 550 . -

Greater Scaup 320 100 101

Lesser Scaup I
Unidentified Scaup - - 30

Common Goldeneye - 2

Hooded Merganser 2 2 1

Common Merganser 2 18 6 10

Red-breasted Merganser 4

Red-tailed Hawk 1 2 2

Northern Marsh Harrier 1 1 1 1 2

American Kestrel 1 1 1

American Coot 1 1 - -

Killdeer 2

Great Black-backed Gull 2
Herring Gull l ! 1 5 ! 2i 11

Ring-billed Gull 10 60 1 20
*No birds sighted +Mean number per sampling period present (Average per occurrence)eUSFWS 6979 D36



Table 77. continued S

SPECIES 7/26 7/30 8/29 9/8 9/24 110/5 10/17 10/23,10/30 11/8

Albino Ring-billed Gull "

Common Tern 3 _

Belted Kingfisher 1-.

Comon Flicker 2
Eastern Kingbird 5 4

Comon Crow 50 52 2

Starling 30 ,so ,
Boboli Jnk 2 {

Red-winued Blackbird 55

White-crowned Soarrow 5
SSwamp Sparrow

Song Sparrow 6 5

Species Richness 3. 10 11 10 12 12 15 13 17 16

1 111 15 13 17 1

_ __ __ I ,

- - .-.-.-

*No birds sighted +Mean number per sampling period present (Average per ocurnce) 1

D37
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T.ble 77. continued
'" i ( I ~i Avg. /' I i.!

SPECES 11311120 Tota Occ.

" Great Blue Heron1 i11l 2.2-.---.--" _-
Canada Goose 4 305 33.9

Mallard 26 31 11., !  635 157.7 -

Black Duck 145 100  104 I . 148 4 34.9 1

Gadwall 17 22 10 11 360 36 .0  -

Pintail 3 3.0

Green-winged Teal 2 2.1

Blue-winged Teal 7 3.5 I

American Wigeon 187 26.7

* Northern Shoveler 1 41 17 23.4

_Redhead 1:850 840 800 4695 586.9

Canvasback [2 3 39 6.5

Ring-necked Duck Vo700 450 200 3605 450.6-' -i-.--- --

Greater Scaup 3 10 443 i88.6
Lesser Scaup 6 6.0_______._"

Unidentified Scaup 10 40 20.0 ,_ I

l i( ICommon Goldeneye I 21 2.0! ____

Hooded Merganser 15 20 5.0

Common Merganser 10 5 14 65 9.3

Red-breasted Merganser - 4 8 4.0

Red-tailed Hawk 2 1 8 1.6

Northern Marsh Harrier 11 7 1.2

American Kestrel 3 1.0

American Coot 1 1.0

Kill Ideer 2 2.0

Great Black-backed Gull 2 5 1.7 .

Herring Gull 9 2.3 -'-.

Ring-billed*Gull J200 100 459 65.6 - - -j

*No birds sighted +Mean number per sampling period present (Average per occurrence)
D38
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Table 77. continued -

__ SPECIES 11/10 11/13 111/20 Total Occ..

Albino Ring-billed Gull I 1 I 1.0

* Common Tern 3 3.0 "--

- Belted Kingfisher 1 j 1.0 , .

- Common Flicker 2 2.0

Eastern Kingbird 9 4.5 1

Common Crow 470 529 105.8

Starling 80 140.0 , -

Bobolink 2 2.0 "

Red-winged Blackbird 55 55.0

* White-crowned Sparrow .5 5.-

Swamp Sparrow 1 1.0 ,- -

Song Sparrow -- 11 5.5 .-, 1:"-. :

Species Richness 10 14 111 39 "-

-. t , - --..

* , - "- "-I ___________________________ I , -- - -
- i _ _ _ _ _ _ _ _--

Nofl bird., sighted +Mean mnber per sam~i9 ng period present (Average per occurrence)
, . o.39

. . . . .. . . . . . . . . . . . . . ... ... . . .



Table 78 . Number of birds sighted on the St. Lawrence River in 1979 at station 28 .

SPECIES 6/5 6/27 7/30 8/1 8/9 8/211 10/5 10/17 11/8 11/10

Green Heron 1 -

Canada Goose 70 100 190

*Egypti an Goose 1

Northern Marsh Harrier 1 1

Kilideer 2

Herring Gull 1 2 1

Ring-billed Gull 15 20 33 5 30 20 22 200

Great Horned Owl 1

Common Flikcer 7

Eastern Kingbird 4 151

Tree Swallow 5

Blue Jay 2 -

Common Crow 2

American Robin 6
Starl ing_,.__ _....... 50 10 50

Red-winged Blackbird 150-

Northern Oriole 3

Common Grackle 3 3

Savannah Sparrow 2

Song Sparrow 3 3 -

Species Richness 3 3 3 S . . 6 j 2 1 2

-----.---

,- - -- ..

-..'

*No birds sIght&3 'iean number per samping per p veag per occurrence7F
15USFWS 197 D4* u1w 979 , D4o ..

, ', ,--""" : :" " .. "... .. . .. "" :" : : :" ::: " " ;:::& :,:._i:.,." .:::Y :: ::I-:.::.:::- : :+ : _,::-. _ :. - ..- , ,: . .- _'.:-!~



*Table 78. continued

Rvg./
SPECIES U/13 11/20 - Total 0Occ. - - - - -

Green Heron 1 -M.j.j

Canada Goose - 260 86.- - - -

* Egyptian Goose 1 1. --M

*Northern Marsh Harrier 2 -1.C- -

* Killdeer - -2 2.( - -

*Herring Gull 2 6 1.

Ring-billed Gull 200 20 - 565 56. - - - - -

* ~Great Horned Owl- -1 1. - - - - -.

*Common Flicker 7 7. 1
* Eastern Kingbird - - - 19 9M -

Tree Swallow 5 5.C

Blue Jay 5 7 3.9

American Robin 6 6.

Starling 501 60 0.C

Red-winged Blackbird 150 150.

Northern Oriole 3 3. - - - - -

Common Grackle 6 3.

*Savannah Sparrow 2 2.

*Song Sparrow 6 3.1 -

Species Richness .2. ..... -1 ... 20. -

*No birds sighted +Mean number per sampling period present (Average per occurrence)
D4 1
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Table 79 . Number of birds sighted on the St. Lawrence River in 1979 at station 29 -

SPECIES 7/30 8/1 8/6 10/5 10/17 11/8 Ll1/0*L1/13 11/20

Common Merganser -10 2-

American Kestrel 1 ----.

Ruffed Grouse 1

Spotted Sandpiper 1- - -- -

Herring Gull 1 -

Ring-billed Gull 2 14 10

Rock Dove 30

Common Flicker '2 8 2 3

Downy Woodpecker -2 -

Eastern Kingbird 11 12 3

Eastern Pewee------ -

Barn Swallow ,6 .---

Blue Jay 5 2 :

Common Crow 5

Black-capped Chi ckadee 20 1 ,4 10 1 - -

House Wren 1

Gray Catbird 3 2

American Robin 10 3 40

Wood Thrush 1

Veery 1

Ruby- crowned Kingl et _-40 - - -

Cedar Waxwing 20 -

Starling 30

Red-eyed Vireo 1 - -----

Yellow Warbler - - - -

Yellow-rumped Warbler 30 2 --- - - -

Conon Yellowthroat 41

sper samping peri d pregent verage per occurrence

eUSFWS 1979 D42
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Table 79. continued

SPECIES 7/30 8/1 8/6 10/5 L0/17 11/8 /10 11/1 11/20

Red-winged Blackbird 2 6 500

Northern Oriole 2 - -.....

Comon Grackle 2 - - ,

Evening Grosbeak 10

American Goldfinch 2

Dark-eyed Junco 25 5

Tree Sparrow 4 15

Whi te-crowned Sparrow 10

White-throated Sparrow 5 5

Swamp Sparrow 1 1 1

Song Sparrow 5 4 4 40 10

Species Richness 18 7 10 8 10 5 3 6

_ __ _- - - -'i

.D

*N irssihed+ea -me -e -apln peio -rsn -Aerg -e -curne -

L ____________________43___________ --- -----

"--",PL ." ." .'S' -_ ,,_ _ _ _'." . _...."_ ,.,,_ ,-"-'_ _ . --. . ' •, . . . - . . . .. . . . . .
.. . . :-. -- - - -. - - - - -. ... .'.'.., . . . . . . ., . .



Table 79. continued
vg. / - ---- _
kvg./4 .

SPECIES Total Occ. - - - - - - '

Common Merganser 12 6.C - -. -- -,

American Kestrel 1 1.0 ---

Ruffed Grouse 1 1. --- -

Spotted Sandpiper 1 1. - - --

Herring Gull 1 1.G - ---

Ring-billed Gull 26 8.-

Rock Dove 30 30. --

Common Flicker 15 3. -

Downy Woodpecker 2 2.C

Eastern Kingbird 26 8.7 - -

Eastern Pewee 15 15.C ---.

Barn Swallow 6 6.C -

Blue Jay 15 5.( - -"

Common Crow ' 5 5.(....j.

Black-capped Chickadee 44 -11.- 1
House Wren 1 1.

Gray Catbird 5 2.51 - -

American Robin 53 17.7 -"

Wood Thrush 1 1. -C"-

Veery 1 . - --

Ruby-crowned Kinglet 40 40.( - -- -"

Cedar Waxwin0 20.C -..-.-

Starli no 30 .0A - -- -

Red-eyed Vireo 1 . ,L --- -

Yellow Warbler 2 2.C ----

Yellow-rumped Warbler 32 16.C ---

Common Yel lowthroat 41 41. ---

Bobolink 10 .0. -0-.-.-

*No birds sighted +Mean number per sampling period present (Average per occurrence)
D44 --'
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Table 79. continued

Avg. /-
SPECIES total Occ.

Red-winged Blackbird 508 169.3

Northern Oriole 2 2.0 -

Common Grackle 2 2. -

Evening Grosbeak 10 10.j

American Goldfinch 2 2.-

Dark-eyed Junco 30 15.-

Tree Sparrow 19 9. -

White-crowned Sparrow 10 10. -

White-throated Sparrow 10 5.-

Swamp Sparrow 3 ,A,

Sono Sparrow 63 12.A

Species .Richness 39,

I Ice
i

,I..•

*No birds sighted +Mean number per sampling period present (Average per occurrence)
D45
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. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .

Table 8o . Number of birds sighted on the St. Lawrence River in 1979 at station 31 .e

SPECIES 611 6/18 6126 6/27 7/19 7/26 7/30 8/1 8/9 9/24

Canada Goose 70 40 45

Mallard 1 3 2 2 j

Hooded Merganser

Common Merganser-"--- -

Red-tailed Hawk-

Northern Marsh Harrier 1

American Kestrel 1

Ring-billed Gull 351 48 14 12 14 230 -

Common Tern 1 3

Belted Kingfisher 1 1 1 1 2

Common Flicker 1 1 2

Hairy Woodpecker 11-

Downy Woodpecker 1 1 1 1-

Eastern Kingbird - 12 6

Great-crested Flycatcher 1 1 1 1

Tree Swallow 12 14 18 26 38 15 10

Barn Swallow 20 5

Cliff Swallow 4 1 1

Purple Martin 40 48 46 46 29 80 60 20 15

Blue Jay 2 -

Black-capped Chickadee 5 -

House Wren 2 3 3 3 4 -

" Gray Catbird 1 2 4 1 3- -

Brown Thrasher 1 1 1
American Robin 20 31 24 34 39 5 7 -

Veery 1 1 1 - - - -

Cedar Waxwing 21 4 4 9 15 4 - 4

I Starling 8 3 -161 38. 891 --1 -

*No birds sI gnWe iean number per samping per pre iT verage per occurrence)
eUSFWS 1979 D46



Table 80.continued.

SPECIES 6/11 6/18 6/26 6/27 7/19 7/26 7/30 8/1 8/9 1924

*" '2"i21".  Red-eyed Vireo. ----

Warbling Vireo 1 1 1

Yellow Warbler 16. 12 10 8 12 2

Common Yellowthroat 8 5 7 6 3

American Redstart - I ,,

Bobolink 6 8 5 8 4

Eastern Meadowlark 6 5 6 4 3

Red-winged Blackbird 25 22 31 18 86 50 5 20

Northern Oriole 3 3 4 1

Common Grackle 6 12 5 9 15

Brown-headed Cowbird 5 1 3 2

Evening Grosbeak

Rufous-sided Towhee 1 2 2 2 2 1

Savannah Sparrow 11 9 2 8 6

Chipping Sparrow 2 4 1 I I

' Swamp Sparrow 1 1 1 3

Song Sparrow 8 6 5 6 5 10

Species Richness ,26 29 29 31 2, 4 7 8

b--

- - ---- ---- ---- ----

*No birds sighted +Mean number per saupling period present (Average per occurrence)
D,47

• oo" . .-..'°'% t ..... . . . . . . . . . .



Table 80. continued

1118 11113 Avg./1" .
SPECIES 10/17 10/30 11/8 11/10 11/1Tot Avg.

Canada Goose 155 51.7-

Mallard 7 2.31

Hooded Merganser 2 - 2 2.0

* Common Merganser 1 1 1.0 ___._

Red-tailed Hawk 1 1 2 1.0 - -

Northern Marsh Harrier 1 1.0

American Kestrel 1 1 1.0

Ring-billed Gull 1 353 58. 81 _-

Comon Tern 4 2.0

Belted Kingfisher 6 1.2'

Common Flicker 4 1.3

Hairy Woodpecker 1 1.0

Downy Woodpecker 4 1.0-

Eastern Kingbird 18 9.0 1

Great-crested Flycatcher 4 1.0

Tree Swallow 133 19.0 -.-

Barn Swallow 24 12.5

Cliff Swallow 5 2.5

Purple Marti- 384 42.7

Blue Jay -- 2 2.0

Black-capped Chickadee 5 5.01

House Wren 15 3.0

Gray Catbird 11 2.2 -

Brown Thrasher 3 1.0 - -

American Robin 15 175 21.9

Veery 3 1.0

Cedar Waxwing 42 6.0

Starling 50 100 309 38.61

*No birds sighted +Mean number per sampling period present (Average per occurrence)

D4 8
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- Table' 80. contI nued

Avg. /
SPECIES 10/17 10/30 11/8 11/10 11/13 Total Occ.

Red-eyed Vireo - 1.0

Warbling Vireo ,3 1.0

S"Yellow Warbler 60 10.0

Common Yellowthroat 29 5.8

American Redstart 2 1.0-

* Bobolink 31 6.2

* . Eastern Meadowlark 24 4.8.

Red-winged Blackbird 100 357 40.0

Northern Oriole 11 2.8

Common Grackle 47 9.4

Brown-headed Cowbird 11 2.8

* Evening Grosbeak 30 30 30.0

Rufous-sided Towhee 10 1.7

CO Savannah Sparrow 36 7.2

Chipping Sparrow -9 1.8

- Swamp Sparrow 6 1.5

Song Sparrow 40 6.7

Species Richness 2 3 2 1 45 1

*No birds sighted +Mean numnber per sampling period present (Average per occurrence)
D49
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* Table 81.. Species occurrence and general abundance of mnammals in the Massena
area.

Species (latin name) Abundance category*

Shrews and Moles (Insectivora)
Masked shrew (Sarex cinereus) C
Smokey shrew (Sorex fumfeus) 1 R
Pygmy shrew (Mi-crosorex hoyi) C
Short-tailed shrew (Blarina brevicauda)2  A
Hairy-tailed mole (asclo-Ps breweri)2 R
Eastern mole ( calpus aquaticus)F R
Star-nosed moleT dinkura crstata) C

Bats (Chiroptera)3,4
Little brown bat (Myotis luiuus) S
Big brown bat CEptesicus fuscus)~ S
Silver-haired bat (Lasionyceriis noctivagans) S

Rabbits and Hares (Lagomorpha)
Eastern cottontail (Sylvilagus floridanus) C
Snowshoe hare (Lepus americanusT C

Rodents (Rodentia)
Eastern chipmunk (Tamias striatus) A

* Woodchuck (Marmota moa)A
Gray squirrel (ScFiurus carolinensis) C
Red squirrel (Taiasiclurus hudsoni7cus) C
S. flying squirrel (Glauomy volans) C-R

*N. flying squirrel (aucoinys sabrinus) R
American beaver (Castor canadeisF R
Deer mouse (Prmscus sFPTW A
Meadow vole irtus pennsylvanicus) A
Muskrat (Odtazbtia C
Norway rat (attus norveicus) R
House mos u ucls R
Meadow jumping mouse a us hudsonius) C
Woodland jumping mos Napaeoza us Insignis) R

D50



.Table 81. (continued).

Carnivores (Carnivora)

Coyote x(Ca n latrans) C-R
Red fox WouesIv C
Gray fox Ucon c--ereoarqenteus) R
Raccoon (Procyon otlor) C
Fisher (artes pennanti) R
Ermine Mlstela erinea) C-R
Long-tailed Weasel (Mustela frenata) C-R
American mink JMusla v sonT C-R
River otter ( canadensis) R
Striped skun-e_ mephitis) C

Ungulates (Artiodactyla)

White-tailed deer (Odocoileus virginianus) C

* Abundance category symbols; A - Abundant, C - Common, R Rare,

and S = Seasonal.

"Wrlght, 1978.

2VanDruff and Lomolino, 1978.

3Lackey, 1977.

4Wrigley, 1969.
5Sainola, 1979.

USFWS 1979
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Table82. Comparison of habitat parameters recorded at Snell and Eisenhowerort (a dredge-spoil area) trapping sites during late June, 1979?
Standard deviations are included in parentheses (n - 20).

Habitat Parameter Snell Eisenhower ta

Soil Characterb
- Hardness 2.0(.00) 2.8(.43) 2.63*
- Moisture 2.5(.50) 13 .43) 2.57*
- Organic 2.0(.00) 1.3(.43) 2.30*

Percent Cover

- Rock 0.0(0.0) 5.0(3.5) 2.02*
- Soil 2.5(2.5) 17.5(18.9) 1.11
- Litter 0.0(0.0) 0.0(0.0) 0.00

* - Grass 38.8(17.8) 43.8(26.5) 0.22
- Lichen 8.8(7.4) 6.3J2.2) 0.46
- Herbs 46.3(24.3) 23.8 21.3) 1.09
- Saplings & shrubs 2.5(4.3) 1.3(2.2) 0.35
- Ferns 0.0(0.0) 0.0(0.0) 0.00Trees 3.8(4.1) 2.5(4.3) 0.31

Canopy Closure (%) 3.8(4.1) 0.0(0.0) 1.31

at values representing a significant difference (P <.05) between sites

are indicated by an asterisk.

bSotl character parameters were rated as 1, 2, or 3 for the particular

characteristic with 3 being the maximum for that qualitative parameter.

*USFWS 1979
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Table 84. Species occurrence at the four major habitat types in the
fMassena. area as indicated by summier trapping surveys (s)
and winter track surveys (w)!'

Species Habitat Type

Grassland Riparian Old-Field Hardwoods

Masked or Pygmy Shrew s s s
Short-tailed shrew w S w SSW
Meadow vole s~w s SSw

Deer mouse ng use s

Chipmunk s s
Red squirrel s~w sSw
Gray squirrel w W
S. flying squirrel W
Woodchuck s S
Cottontail rabbit w W
Snowshoe hare s s~W W

*Weasel W w
*Skunk s

S Red fox W w w w
Eastern coyote W

*White-tailed deer W W

*.Richness 5 9 11 14

*USFWS I97
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Table &5. Species of mammals detected during winter track surveys in four
habitat types in the Massena area, 1980!

Habitat Type
Species Grassland Riparian Old-Field Hardwoods

Short-tailed shrew x x x

Meadow vole x x

Deer mouse x x x

*Red squirrel x x

*Gray squirrel x x

S. flying squirrel x

*Cottontail rabbit x x

*Snowshoe hare x x

Weasel x

*Red fox x x x x

Eastern coyote x

White-tailed deer x x

*Richness 3 4 8 11

USFWVS 1979
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*No birds sighted +m~ean number per sampl ing period present (Average per occurne
D)47

.. ........................... . . . .

Table87. -- Amphibian and reptile species determined to be present in the vicinity
of the Eisenhower and Snell Locks, Nassena, New York. A plus sign (4)

denotes the observed presence of a species in a particular area or
habitat type. Data are summarized from field reconnaissance conducted
between April 17 and August 21, 1979:

Habitat

SPECIES

44~

C"A C C C L' u

* Amphibians

Blue-spotted Salamander +
American Toad + +

.. Spring Peeper + +

E' Gray Treefrog +
Western Chorus Frog . . . . ++

Bullfrog + + + +

Green Frog + + + +
Northern Leopard Frog + +. + + . . . . . .
Wood Frog + +

Reptiles

Snapping Turtle + +
Painted Turtle ++
Blanding's Turtle + + +
Hap Turtle 4

Eastern Garter Snake + + + + +.

Red-bellied Snake +.

USFWS 1979
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